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The Degree of Coronary Atherosclerosis in 
Bilaterally Oophorectomized Women 
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The degree of coronary atherosclerosis in 49 hearts obtained from bilaterally oophorectomized 
women was compared with the degree of sclerosis in 600 hearts from women and in 600 hearts from 
men of comparable ages. On the average the degree of coronary sclerosis in the bilaterally oophorec- 
tomized women was greater than in control women but less than in control men. 


HE common experience that there is a 

marked disparity in the average degree 

of coronary atherosclerosis between men 
and women of comparable ages has prompted 
extensive research in this field.! The demon- 
stration of any factor to explain this dif- 
ference might be used in developing a concept 
of the pathogenesis of atherosclerosis. 

At the present time there are two main 
schools of thought concerning the _ expla- 
nation for differences in degree of coronary 
atherosclerosis in men as compared with 
women: one which employs the anatomic dif- 
ferences in the heart and coronary arteries of 
men and women,’ and the other which postu- 
lates an ovarian hormonal factor responsible 
for delaying the development of athero- 
sclerosis in women over men.*~° 

Approximately 150 hearts of women who had 
been subjected to bilateral oophorectomy 
sometime before death were available to us for 
restudy. Two large control groups adaptable 
to this study were also available.*-® In 1948, 
White examined the coronary arteries of 600 
men, 100 in each decade from the ages of 30 
through 89 years, the hearts being obtained 
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from the pathologic collection of the Mayo 
Clinic. He recorded the average degree of 
coronary atherosclerosis in each age group. 
In 1949, Ackerman of the same clinic ex- 
amined 600 hearts of women using the same 
methods as White. Our plan was to determine 
the degree of coronary atherosclerosis in the 
bilaterally oophorectomized women using the 
same technics as those of White and of Acker- 
man and to compare our results with those in 
the control groups of men and women. 

In reviewing the literature on this subject 
we have not been able to discover any instances 
in which the relation of ovarian function to the 
degree of coronary atherosclerosis in humans 
has been quantitatively determined. 


MetTuHops AND MATERIAL 


A. Cases with Oophorectomy. The necropsy proto- 
cols of all women who had undergone bilateral 
oophorectomy were obtained from the Section of 
Pathologic Anatomy of the Mayo Clinic. Data on 
141 patients dying during the period of 1910 through 
1951 were coliected. The clinical histories of each 
of these patients were then studied in order to 
select the group of cases which would fulfill the 
criteria necessary to determine whether the absence 
of ovaries had any effect on the degree of coronary 
atherosclerosis. The criteria were, by necessity, 
rigid. A report in the clinical history of bilateral 
oophorectomy was not accepted as fact. Only those 
patients who were reported to have undergone the 
operation and whose necropsy protocols reported 
absent ovaries were considered. — 

The interval between oophorectomy and death 
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had to be apparent in the history. We arbitrarily 
deleted all cases in which death had occurred less 
than two years after oophorectomy, postulating 
that the atherosclerosis seen in the coronary ar- 
teries under this period of time would not be in- 
dicative of changes resulting from oophorectomy, if 
any. 

Also, it was necessary for the patient to have men- 
struated with some regularity up to the time of the 
oophorectomy. All patients who had reached the 
menopause previous to the oophorectomy were 
deleted. All patients more than 45 years of age at 
the time of oophorectomy were also deleted from 
this study, whether or not they were reported still 
to be menstruating up to the time of the bilateral 
oophorectomy. 

All cases with inadequate histories were deleted, 
and all cases in which the heart had not been saved 
as a specimen were deleted. 

After the criteria were met, 49 cases remained 
for study. 

The epicardial portions of both the left and right 
coronary arteries were examined. For the purpose 
of this study the left coronary artery was divided 
into the main left artery, the anterior descending 
branch and the circumflex branch. The right coro- 
nary artery was divided into the main right artery, 
the marginal branch and the posterior descending 
branch. Each of these six divisions was further sub- 
divided into proximal, middle and distal segments 
except for-the main left coronary artery which is 
usually 2.5 em. or less in length and was studied as 
one unit. 

To determine the greatest degree of coronary 
atherosclerosis present in each segment, cross sec- 
tions were made at 3 mm. intervals with a sharp 
scalpel, and the sections were studied grossly. The 
actual grading was on the basis of grade 1 to grade 
4; grade 1, minimal sclerosis (up to 25 per cent 
closure of the lumen); grade 2, moderate sclerosis 
(25 to 50 per cent closure of the lumen); grade 3, 
marked sclerosis (50 to 75 per cent closure of the 
lumen); and grade 4, complete obliteration of the 
arterial lumen by atheroma. In this study it was 
considered advisable further to subdivide the 
grading of atherosclerosis into 1.5, 2.5 and 3.5 in 
order to obtain more accurate data for analysis. 

The data for each heart were analyzed by aver- 
aging the maximal degree of sclerosis obtained for 
the main left coronary, anterior descending branch 
of the left, circumflex branch of the left, main right 
coronary, marginal branch of the right, and _pos- 
terior descending branch of the right corenary 
artery in that heart. This figure was considered as 
the ‘‘average sclerosis” for that heart. The 49 cases 
were then arranged in decades, according to age at 
death, from 20 to 29 vears through 80 to 89 years. 
The numbers of cases in each age group varied 
widely, ranging from one case in the 20 to 29 year 
group, two cases each in the 30 to 39 vear and 80 to 


89 year groups, seven cases in the 70 to 79 vea 
group, nine cases in the 60 to 69 year group, 12 
vases in the 40 to 49 year group to 16 cases in the 
50 to 59 year age group. 

The “average sclerosis” in all the hearts of each 
respective age group was averaged, thus giving a 
figure which represented the average of the maxi- 
mal sclerosis found in hearts of bilaterally oophorec- 
tomized women for that decade. It should be stressed 
that throughout this study, “average sclerosis’’ 
refers to the average of the maximal sclerosis ob- 
served in each of the six major coronary arterial 
divisions in any one heart. 

Those cases in which the coronary sclerosis was 
severe (grade 3 or greater at some point in the coro- 
nary arterial tree) were totaled in each decade and 
the percentage of the total cases for that decade was 
determined. These figures were compared with those 
for control men and control women. 

The instances in which the maximal degree of 
sclerosis was found in the middle or distal segments 
of the main coronary arterial divisions rather than 
the proximal segments were recorded separately. 

The range of time interval and average time in- 
terval between oophorectomy and death were de- 
termined for each decade of age. Then in order to 
determine the relationship of the number of years 
after oophorectomy compared with the degree of 
sclerosis, the cases were divided into four groups: 
those patients who had died 2 to 4 years, 5 to 9 years, 
10 to 19 years and 20 or more years after oophorec- 
tomy. The patients in each of these groups were 
then compared with control women for their dec- 
ade of age at death as to the numbers with less 
sclerosis, same sclerosis and more sclerosis. 

Additional data were obtained from clinical 
histories and necropsy protocols concerning the 
chief and contributory causes of death, nutrition, 
weight, height and blood pressure of the patient 
prior to death. The histories were searched for evi- 
dence of diabetes mellitus and coronary arterial 
disease. The heart weights were recorded in each 
case. 

B. Control Cases. The methods of examination of 
the coronary arteries, the interpretation of the de- 
gree of atherosclerosis and the method of analysis 
of data in this study were carried out in exactly the 
same manner as the studies done by White on the 
degree of coronary atherosclerosis in 600 men and 
by Ackerman on the degree of coronary athero- 
sclerosis in 600 women. The cases used in the latter 
two studies were essentially consecutive necropsy 
cases, being selected only as to age and sex. 

Eleven of the hearts investigated in this study 
had been previously examined by Ackerman and 
were included in his data on coronary atherosclerosis 
in women. We compared his evaluation of the de- 
gree of atherosclerosis in each segment of the coro- 
nary arteries of these 11 women with our figures, 
which had been independently determined prior to 
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his comparison. We found that there was a close 
igreement in our respective evaluations of the 
ame coronary arteries. We thus felt justified in 
ising the two group studies of White and Ackerman 
s controls and were able to make valid compari- 
ons for our study. 


ReEsutts* 
On the average in bilaterally oophorecto- 
nized women the degree of average sclerosis 


yas greater in all age groups than in control 
women but less than in control men (fig. 1). 
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variability in the curve representing average 
sclerosis in oophorectomized women was prob- 
ably due to the relatively few cases available 
in this study. 

A scattergram plotting the “average scle- 
rosis” in each case with curves of control men 
and control women as comparisons, showed 
that more than 63 per cent of the oophorec- 
tomized women had higher degrees of ‘“aver- 
age sclerosis” than averages for control women 
(fig. 2). This demonstration indicated that the 


Men controls 


_ ee 
Bilaterally 
oophorectomized 


50-59 80-89 


Age 


Fic. 1. Averages of ‘‘average sclerosis’”’ at various ages in 49 bilaterally oophorectomized women 


compared with control males and females. 


Values varied from an average of 1.32 in the 
10 to 49 year group to 2.43 in the 80 to 89 year 
group. Control women started out with a low 
figure of 1.13 in the 30 to 39 year group and 
rose to an average of 2.03 in the 80 to 89 year 
group. Both the curves for unselected female 
controls and for bilaterally oophorectomized 
women were lower than for male controls. 
The latter showed the smallest average of 
1.56 in the 30 to 39 year group and the greatest 
figure of 2.46 in the 50 to 59 year group. The 


* Appended to this paper are the essential findings 
in the 49 cases. These are listed with the knowledge 
that the number of cases in this study is small, as it 
would be in any other comparable study. For this 
reason these cases may be useful when added to those 
of other workers in the future. 


curve obtained for oophorectomized women 
showed a true increase in average sclerosis, 
rather than an apparent increase as might 
occur if extremely severe coronary athero- 
sclerosis were found in a small number of 
sases, deceptively elevating the values ob- 
tained for the average se'>rosis in each decade 
group. 

The most striking differences in degree of 
coronary control 
women and bilaterally oophorectomized women 


atherosclerosis between 
were observed by comparing the percentage 
of women in each age group who had athero- 
sclerosis of grade 3 or greater at one or more 
points in the coronary arterial tree (fig. 3). 

In no age group of oophorectomized women 
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was there less than 25 per cent who had 
severe sclerosis as compared to less than 20 
per cent in control women through the 50 to 59 
year group. After the age of 50 years, more 
than half of the oophorectomized women 
showed evidence of severe sclerosis. It was not 
until 20 years later, however, that more than 
50 per cent of the control women had severe 
sclerosis. In all age groups in our series the 
percentage of the having severe 
coronary sclerosis was more similar to the 
distribution found in male controls than in 
female controls. 


subjects 
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degree in the middle or distal segments. Simi- 
lar findings were observed in the circumfles 
branch in six cases and in the marginal brancl 
in one case. 

Relationship of the Degree of Coronary 
Atherosclerosis to the Time Interval between 
Oophorectomy and Death. Among the 49 cases 
studied the period of time elapsing between 
oophorectomy and death varied from 2 to 42 
years. The time interval increased from five 
years in the 20 to 29 year group to an average 
of 40.5 years in the 80 to 89 year group as 
shown in table 1. 


9 60-69 70-79 80-89 


Fig. 2. Scattergram of ‘‘average sclerosis” in the coronary arterial tree in each of 49 bilaterally 
oophorectomized women compared with averages for ‘‘average sclerosis’? in control males and 


females. 


Location of Greatest Degree of Atherosclerosis 
in the Coronary Tree. Although the severity of 
atherosclerosis was greatest in the proximal 
segment of each main coronary arterial division 
in the majority of hearts, more than one-fourth 
of the cases had a greater degree of sclerosis 
in the middle or distal segments. It was in- 
teresting to note that five cases showed more 
sclerosis in the middle or distal segments of 
the anterior descending branch than in the 
common location proximally. Of the 10 cases 
in which there was severe sclerosis (grade 3 or 
greater) in the right coronary artery, eight 
(80 per cent) were found to have the greatest 


In order to determine the extent of develop- 
ment of atherosclerosis according to the lapse of 
time between oophorectomy and death, the 
average degree of sclerosis was compared with 
that of control women in the same age groups. 
Time-interval groups. were arbitrarily divided 
into 2 to 4, 5 to 9, 10 to 19 years and 20 or 
more years after oophorectomy at the time of 
death demonstrated in table 2. 

In the two to four year group on the average, 
two cases had less “average sclerosis” than the 
average for control women of comparable 
ages, one case showed the same degree of 
sclerosis and one case had sclerosis greater 
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‘han the average for the controls. The group 
f women dying 20 or more years after 
ophorectomy showed 9 with less sclerosis 
nd 16 (64 per cent) with greater sclerosis than 
he average for control women of the com- 
arable age groups. Sixty-one per cent of the 


Per Cent 


30-39 40-49 50-59 


Age 
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teria were the same as those of Ackerman and 
his associates. Hearts weighing more than 
350 Gm. were considered to be hypertensive, 
with the exclusion of those cases in which 
cardiac hypertrophy was due to valvular 
disease. The average heart weights in each age 


Bilaterally 
oophorectomized 
women 


Men-controls 


60-69 70-79 89-89 


Fic. 3. Percentage of cases of bilaterally oophorectomized women in each decade where there was 
coronary sclerosis of grade 3 or greater at one or more points of the coronary arterial tree. Cases of 
this series compared in a similar manner with control males and females. 


TaBLE 1.—Interval between Oophorectomy and Death 
in the 49 Women Studied 


Age group, 
years 


Interval range, 
years 


Average interval, 
years 

20-29 5 

30-39 14-15 

40-49 2-20 

50-59 7-29 

60-69 18-30 

70-79 29-40 

80-89 39-42 


series of oophorectomized women had greater 
sclerosis than averages for control women of 
comparable ages at death. 

Relationship of Cardiac Weight to the Degree 
of Coronary Atherosclerosis Compared with 
Control Women. It was advisable to determine 
whether our series was unduly weighted with 
hypertensive women, who, according to Acker- 
man, show a greater degree of coronary athero- 
sclerosis than normotensive women. Our cri- 


TaBLE 2.—Relationship of Number of Years after 
Oophorectomy to Average Degree of Sclerosis 
for the Age Groups Involved 


Number 
with same 
sclerosis 
as controls 


Number with 
sclerosis 
less than 
controls 


Number with 
more sclerosis 
than controls 


Years after 


oophorectomy Totals 


2-4 2 
5-9 

10-19 

20 or more 





Total 


30 (61%) 


group in our series were very similar to those of 
the control group as shown in table 3. 

On the average, the control series of women 
had slightly heavier hearts than the 49 cases in 
this series. 

On further analysis we found that when we 
excluded those hearts which weighed more than 
350 Gm. owing to valvular disease, there was 
essentially the same percentage of heavy 


































































































































































































































806 





hearts in our series as in the control series 
(40.1 per cent and 39.6 per cent, respectively ). 

In the control series, the heavy hearts showed 
on the average from 15 per cent to 43 per cent 
more sclerosis than the nonhypertrophied 
hearts. On the average our series showed 26 
per cent to 100 per cent greater degrees of 
sclerosis in the heavy hearts than in those 
weighing less than 350 Gm. 


Relationship of Nutrition to the Degree of 


Coronary Atherosclerosis Compared with Control 
Women. Our series contained about the same 
percentages of undernourished, average and 
obese women as the control group of women 
(within 2 per cent). Ackerman and associates 


TABLE 3.—Comparison of Average Cardiac Weights by 
Decades between Oophorectomized Women and 
Control Women 


Average cardiac weight, Gm. 
Age group, 


met : nemnetand Control women 
20-29 200 — 
30-39 337 304 
40-49 269 312 
50-59 343 348 
60-69 350 364 
70-79 382 368 
80-89 360 376 


found consistently less severe sclerosis in all 
age groups in undernourished women than in 
average or obese women. Table 4 shows that 
the same observation applied to the oophorec- 
tomized women up to the 60 to 69 year group, 
after which time nutritional status appeared 
to be immaterial in the degree of coronary 
atherosclerosis. 

Relationship of Clinical Evidence of Coronary 
Arterial Disease to Pathologic Findings in 
Bilaterally Oophorectomized Women. It was 
interesting to note that 55 per cent of the 
women in our series had severe (grade 3 or 
greater sclerosis at one or more points in the 
coronary arterial tree) coronary sclerosis, the 
majority of whom had shown no clinical evi- 
dence of coronary arterial disease. Only three 
patients (6 per cent) were found to have had 
clinical evidence of coronary arterial disease. 
Clinical Evidence of Diabetes Mellitus. Two 
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of our 49 patients had histories of diabetes 
mellitus at some time during their lives. This 
is a ratio of about 1:25 for our series. Twenty- 
five of 600 control women, or a ratio of 1:24, 
were reported to be diabetic. Our group, 
thus, did not contain an abnormal number of 
diabetics, which might otherwise have been 
responsible for the greater degree of athero- 
sclerosis in the hearts examined as compared to 
controls. 

Variations in the Distribution of the Coronary 
Arteries. Numerous minor variations in the 
course of the branches of the coronary arteries 
were observed. Only a few major variations 


TaBLe 4.—Relation of Nutrition to Average Degree of 
Coronary Sclerosis in Oophorectomized Women 


Underweight Average weight Overweight 
Age, years 
No. | Sterosts | No.| scieromts | No. | sclerosis 
20-29 l 1.36 
30-39 1 1.00 l 1.91 
40-49 3 1.08 6 1.28 3 1.64 
50-59 3 1.19 6 2.18 7 1.75 
60-69 1 1.75 4 1.50 4 1.91 
70-79 2 2.08 4 2.51 l 1.90 
80-89 2 2.43 
) 22 18 


Totals § 





were found. In three instances, the circumflex 
artery arose from the right rather than the left 
coronary artery. Absence of the posterior 
descending branch of the right coronary 
artery was noted in one heart and of the 
marginal branch in one other instance. 

The observed variations had no apparent 
effect on the pattern of development of 
atherosclerosis. Where a particular vessel could 
not be found appropriate correction was made 
in determining the “average sclerosis” for the 


pase. 


COMMENT 


The data in this paper indicate that the 
average grade of coronary atherosclerosis is 
greater in bilaterally oophorectomized women 
than in a control series of women. The curve in 
our series approaches that of control men. 

About four fifths of the patients had lived 
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‘or at least 10 years after oophorectomy and 
more than one-half of them were alive more 
than 20 years after their operation. Our 
findings suggest that no significant increase in 
the degree of atherosclerosis can be recognized 
in castrated women before five years following 
oophorectomy. We were not able to demon- 
strate that there is a steady acceleration of the 
disease with graded increase in time following 
oophorectomy. These findings might well 
indicate the complexity of factors responsible 
for the development of atherosclerosis in any 
one individual. 

Our most striking results appeared when we 
considered the number of bilaterally oophorec- 
tomized women in each age group in whom a 
severe degree of atherosclerosis had developed 
at one or more points in their coronary arteries. 
The percentages turned out to be much greater 
than in control women of the same age groups 
at death, and the percentage curve more 
closely approached that of control men. 

Our series was not unduly weighted with 
patients having diabetes mellitus, or any other 
disease known to be particularly associated 
with the development of atherosclerosis. 
Weights of patients at death were distributed 
similarly to weights of control groups, with no 
preponderance of obese women. In both the 
control series and our series, the percentage of 
heavy hearts (more than 350 Gm.), was the 
same. We had no direct: reports of blood lipid 
levels in our cases, hyperlipemic states being 
suggested only indirectly from reports of 
various diseases. 

At the present time review of the literature 
indicates interest in estrogens as a factor which 
helps to clear plasma more efficiently and 
rapidly of high molecular lipid particles. This 
plasma-clearing ability is presumably mediated 
indirectly through some metabolite which then 
alters the colloidal state of the lipids. Phos- 
pholipids, and recently heparin, have been 
suggested as the key factors.!°" In human 
subjects placed on estrogen therapy, there has 
been observed a marked drop in cholesterol 
level with a proportionate rise in phospholipid 
levels, the ratio of these two substances re- 
portedly being connected with predisposition to 
formation of atheroma.” Our study tends to 


support the evidence for a relationship be- 
tween estrogens and lipid metabolism, but does 
not help in further elucidation of the problem 
of the pathogenesis of atherosclerosis. 

Our findings, however, fail to support the 
hypothesis of anatomic variations in the 
coronary arteries between men and women, as 
an explanation for the sex discrepancy in the 
development of atherosclerosis.2 The women 
both in the control series and in the oophorec- 
tomized groups, it is presumed, began life with 
essentially the same degree of intimal thickness 
of their coronary arteries. 


SUMMARY AND CONCLUSIONS 


1. The hearts of 49 women bilaterally 
oophorectomized during the childbearing period 
2 to 42 years before death have been ex- 
amined to determine the degree of coronary 
atherosclerosis. 

2. In the oophorectomized women the 
average coronary atherosclerosis was of greater 
degree of severity, decade for decade, than the 
average coronary sclerosis of the control 
women studied by Ackerman and associates. 
The incidence of severe (grade 3 or greater) 
atherosclerosis among the various decades in 
oophorectomized ‘women was 10 per cent to 45 
per cent greater than in the control group of 
women of comparable ages. 

3. The site of predilection for the develop- 
ment of severe atherosclerosis in bilaterally 
oophorectomized women was found in the 
anterior descending branch of the left coronary 
artery. 

4. The greatest degree of atherosclerosis was 
not invariably located in the most proximal 
portions of the coronary vessels in contrast to 
previous reports. In 25 per cent of the bilater- 
ally oophorectomized women there was greater 
atherosclerosis in the middle or distal segments 
than proximally. 

5. On the average, the degree of coronary 
atherosclerosis in hypertrophied hearts of 
oophorectomized women was greater than the 
coronary sclerosis in heavy hearts of control 
women. 

6. In bilaterally oophorectomized women the 
degree of coronary atherosclerosis did not on 
the average vary greatly in the undernourished, 
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normal or overweight. In contrast, in the 
control group undernourished women averaged 
less sclerosis than average-weight or obese 
women. 

7. The data presented in this paper support 
the hypothesis that ovarian hormones exert at 
least one of the various influences in the de- 
velopment of atherosclerosis. 


SuMARIO EspaNou 


El grado de arterioesclerosis coronaria en 49 
corazones obtenidos de mujeres bilateralmente 
ooforectomizadas fué comparado con el grado 


de esclerosis en 600 corazones de mujeres y en 


600 corazones de hombres de edades compara- 
bles. Como promedio el grado de esclerosis 
coronaria en las mujeres bilateralmente oofo- 
rectomizadas fué mas marcado que en el grupo 
control de mujeres pero menos marcado que en 
el grupo control de hombres. 
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APPENDIX 
Data on 49 Cases of Bilaterally Oophorectomized Women Used in This Study 


| | | | 

| | | | 
| Age, Date | Years after | State of | Heart wt., | 
yr. death | castration | nutrition | Gm. | 


Grade of sclerosis 


Rt. 


Margin. 
jaa fargin 


| 


Le 
a 2s 
QO 


28 | 1929 | Av. 200 
1949 Av. 280 
1941 Over 
1950 Av. 215 
1946 ‘ Under 185 
1932 Av. 

1925 d Under 
1928 Av. 
1943 Over 
1929 Over 
1949 Av. 
1941 Under 
1935 ‘ Av. 
1935 ( Over 
1936 Av. 
1951 Over 
1946 Over 
1942 Av. 
1943 | ¢ Over 
1924 Over 
1949 Over 
1946 Av. 
1945 © Av. 
1923 ‘ Under 
1936 Under 
1927 26 Over 
1936 Under 
1947 Over 
1945 Over 
1946 Av. 
1947 Av. 
1939 Av. 
1948 | Under 
1925 Av. 
1939 Av. 
1940 | : | Over 
1942 Av. 
1924 Av. 248 
1939 Over 434 
1949 Over | 4385 
1944 Under | 217 
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* Diabetes mellitus. 
Lt. cor. = main left coronary artery Ant. desc. = anterior descending branch 
Post. desc. = posterior descending branch Cire. = circumflex branch 
Rt. cor. = main right coronary artery Margin. = marginal branch 























































































































































































Studies in Peripheral Arterial Occlusive 
Disease 





II. Clinical Findings in Patients with Advanced Arterial 
Obstruction and Gangrene 


By STANFORD WEsSLER, M.D., AND NorMAN R. Sitpere, M.D. 


A controlled clinical-pathologice study of peripheral arteriosclerotic gangrene is reported in which 


all amputated specimens were examined by a special technic of injection and dissection of the ar- 
teries. The type of patient in whom gangrene usually develops is defined. The effect of various 
clinical and pathologic conditions on the degree of arterial insufficiency is discussed from the view- 


points of pathogenesis and therapy. 





{ TREATMENT of the patient with 
peripheral arteriosclerosis is increasingly 
successful. During the course of the 

disease, however, the physician is frequently 
called upon to resolve problems about which 
there is little unanimity of opinion. These 
problems include the value of arteriography, 
the role of anticoagulant and antispasmodic 
drugs, the indications for sympathectomy, 
embolectomy and segmental arterial resection, 
and the selection of the proper site for am- 
putation. 

In a previous report! a method was described 
for injecting and dissecting the arteries of 
amputated legs. In that study the extent and 
location of arterial occlusion, narrowing, calci- 
fication and interarterial anastomosis were 
determined in a large number of extremities 
removed because of arteriosclerotic gangrene. 
It is the purpose of the present report to review 
the clinical data among the patients requiring 
amputation so that additional information may 
be realized concerning the mechanisms in- 
volved in the precipitation or aggravation of 
gangrene. A correlation of the pathologic and 
clinical data has provided the basis for a better 
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understanding of the problems frequently pre- 
sented in the management of these patients. 

The “amputation group” consisted of 38 
patients* in whom either the lower leg or 
thigh had been amputated for arteriosclerotic 
gangrene at the Beth Israel Hospital in the 
years 1948 to 1952. A “control” series was 
included for purposes of comparison. This 
group consisted of 37 consecutive patients with 
peripheral arteriosclerosis admitted to the 
Beth Israel Hospital in the years 1948 to 1950 
for ulceration or gangrene of an extremity 
which healed either with conservative medical 
management or after local digital or trans- 
metatarsal amputation. 

RESULTS 

The results of this study are summarized in 
table 1. For convenience the data have been 
divided into three groups: group I, factors in 
which significant? or suggestive differences 
were found between the amputation and con- 
trol series; group II, factors which may have 
played a role in the development or spread of 
gangrene but in which differences between the 
two series were not found; group III, factors 
in which the number of observations was 
inadequate for conclusions to be reached. 


* Two patients had bilateral leg amputations; one, 
who had her amputations two years apart, was 
counted twice. 

+ Differences were considered to be statistically 
significant if they were 2.5 times the standard error 
of the difference. 
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(‘roup I. Factors in which significant or sugges- 
tive differences were found between the am- 
putation and control series 
Congestive Heart Failure. Congestive heart 

ailure appeared before gangrene in 21 per 

‘ent of the amputees and in 3 per cent of the 

‘ontrol series. This difference was statistically 

ignificant. 


TABLE 1.—Summary of Data 


Total Nambor of Pationte. ...... 06sec. cece ccescccs 
Congestive Heart Paluro. ...... ... . 066. ccdecesecncess 


Pulsation Present 
Femoral Artery 
Popliteal Artery 
Dorsalis Pedis Artery 
Posterior Tibial Artery 
Neuropathy. . 
Debilitating Disease................ 
Mental Aberration 
Cerebral Vascular Accident 
Shock. 
Cardiac Arrhythmia 
Local Infection....... 
Diabetes Mellitus 
Proven Present. ... 
Proven Absent........ 
Suspected Present.... 
Unknown 
Average Age (years) 
Sex Ratio (Males/Females). . 
Anemia 
Below 11.0 Gm. per cent 
11.1-12.0 Gm. per cent 
Coronary Artery Disease....... 
Hypertension 
Intermittent Claudication (% of Active Patients) 
Injudicious Therapy 
Local Trauma 


Palpable Peripheral Pulses. Peripheral arte- 
rial pulses in the affected extremity were, in 
general, not palpable below the femoral artery 
at the inguinal ligament among the patients 
with major amputation. Popliteal pulses were 
present, however, in a significantly greater 
number of the patients not requiring major 
amputation. 

Neuropathy. We have accepted as evidence 
of peripheral neuropathy alteration in deep 
tendon reflexes combined with motor or sensory 
defects.2: ? Among 25 patients with major am- 


putations in whom adequate examinations 
were recorded 88 per cent had abnormal neuro- 
logical findings. Less than half of the control 
patients had neuropathy. This difference was 
also statistically significant. 

Debilitating Disease. Debilitating diseases 
such as uremia and recurrent pancreatitis 
occurred in 18 per cent of the amputees and 


Amputation series Control series 


38 37 
8/38 (21%) 1/37 (8%) 


34/36 (94%) 34/36 (94%) 
4/32 (13%) 16/30 (538%) 
0/38 (0%) 3/37 (8%) 
0/38 (0%) 1/37 (8%) 
22/25 (88%) 13/29 (45%) 
7/38 (18%) 2/37 (5%) 
12/38 (32%) 4/37 (11%) 
6/38 (16%) 0/37 (0%) 
6/38 (16%) 0/37 (0%) 
4/38 (11%) 0/37 (0%) 
29/38 (76%) 28/34 (82%) 


28/30 (93%) 28/28 (100%) 
2/30 (7%) 0/28 (0%) 
6/8 5/9 

2/8 4/9 

64.5 63.2 

1.7/1 1.3/1 


6/38 (16%) 5/37 (14%) 
9/38 (24%) 9/37 (24%) 
13/38 (34%) 11/31 (35%) 
30/38 (79%) 25/37 (68%) 
13/29 (45%) 14/24 (58%) 
8/34 (24%) 10/33 (30%) 
12/26 (46%) 9/33 (27%) 


in 5 per cent of the control group. Although 
suggestive this was not a significant difference. 

Mental Aberration. The mental state of each 
patient was evaluated by one or more staff 
physicians prior to amputation. In several 
instances, patients were seen by members of 
the psychiatric service. Although it is recog- 
nized that diabetic patients are frequently sub- 
ject to minor mental aberrations,‘ almost one- 
third of the patients in the amputee group 
were markedly disturbed: they were confused, 
disoriented and uncooperative; in addition 
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three exhibited paranoid tendencies, two re- 
peatedly ripped off protective bandages and 
one assaulted a physician. Similar behavior 
was observed in only one-tenth of the controls. 
Although this difference was suggestive, it was 
not statistically significant. 

Cerebral Vascular Accident. Hemiplegia in- 
volving a lower extremity had occurred from 6 
months to 18 years prior to the onset of gan- 
grene in six of the patients with major am- 
putations. In five of these patients residual 
evidence of upper motor neurone damage was 
present. In each of these six patients gangrene 
necessitating amputation developed in the 
hemiplegic limb. No cerebral vascular accidents 
occurred in the control group. 

Shock. Shock occurred in six amputee pa- 
tients and in none of the control group. In 
each patient the vascular collapse developed 
after the onset of gangrene and prior to the 
amputation. In no instance did the clinical 
status of the leg appear to be aggravated by 
the development of hypotension; yet, multiple 
fresh occlusions were demonstrated in four of 
these six patients. Of the two remaining pa- 
tients with shock, in whose extremities fresh 
occlusions were not found, one had experienced 
hypotension in association with a myocardial 
infarct six weeks prior to amputation (case 23) 
and had been treated with bishydroxycoumarin 
(Dicumarol) for 28 days. In the remaining 
patient (case 36) shock occurred three days 
before amputation from acute pancreatitis. 
Since in this latter instance the leg had been 
amputated below the knee, it is possible that 
fresh occlusions were present in the arteries 
proximal to the site of amputation of the lower 
leg.! 

Cardiac Arrhythmia. Four patients in the 
amputee group had paroxysmal arrhythmias 
after the onset of gangrene. Fresh occlusions 
were demonstrated in three as the most proxi- 
mal arterial occlusion in the amputated ex- 
tremity. This finding suggests the possibility 
that these lesions may have been embolic from 
the heart. There were no instances of arrhyth- 
mia in the control group. 

Local Infection. Gross infection was present 
in the extremities of 29 patients in the amputee 
group and 28 patients in the control group. 
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Appropriate antibiotics were given locally and 
systemically. The incidence of infection an 
the type of bacterial flora were similar in bot) 
groups. In the control group, of course, sub- 
sidence of the infection, as evidenced by hea - 
ing of gangrene or ulceration, was accomplishe: 

in all patients. 


Group II. Factors which may have played a rol 
in the development or spread of gangrene bu: 
in which differences between the two serie: 
were not found 


Diabetes Mellitus. A diagnosis of diabete: 
mellitus was accepted if either a fasting venou: 
blood sugar® exceeded 130 mg. per 100 ml. o1 
an abnormal glucose tolerance was obtained.' 
Among 30 patients with major amputations in 
whom the presence or absence of diabetes 
could be established, all but two were diabetic; 
intermittent glycosuria existed prior to am- 
putation in six of the remaining eight patients 
in whom blood sugar determinations were not 
made. 

Diabetes was considered to be mild if less 
than 10 units of insulin daily were required 
and severe if in excess of 40 units were needed. 
By these criteria there were no severe diabetics 
in the entire amputation group. Moreover, in 
no instance was diabetic coma or acidosis 
associated with the onset of gangrene. On the 
other hand, only two patients in the amputa- 
tion group satisfied the criteria of good diabetic 
control as manifested by fasting and one hour 
postprandial blood sugars of less than 120 and 
160 mg. per 100 ml. respectively.’ 

The actual duration of the diabetic state was 
not known; the disease was first recognized in 
seven patients after hospitalization for gan- 
grene. The average known duration of dia- 
betes, including the patients discovered on 
admission, was seven years. The duration in 
patients who had established diabetes prior to 
hospitalization for gangrene was approximately 
10 years; the longest known duration was 30 
years. 

The incidence of diabetes as well as its 
severity, duration and adequacy of regulation 
did not differ significantly between the am- 
putees and the control patients. 

Age and Sex. The age distribution curve as 












\Ic 
lec 
na 


S. WESSLER AND N. R. SILBERG 813 


vell as the average age and sex ratio did not 
liffer significantly between the two groups. 
\lost of the patients were in the seventh 
lecade and the sex ratio showed only a slight 
nale preponderance. 

Anemia. Hemoglobin levels (Cenco pho- 
tometer) below 11 Gm. per 100 ml. in males 
and females were considered to represent 
anemia.* Only hemoglobin determinations per- 
formed prior to amputation were utilized in 
this analysis. When multiple determinations 
were made, they were averaged. Sixteen per 
cent of the patients in the amputee and 14 
per cent in the control groups had anemia. 
One-fourth of the patients in each group, 
moreover, had hemoglobin levels between 11 
and 12 Gm. per 100 ml. 

Coronary Artery Disease. A diagnosis of 
coronary artery disease was accepted if a 
patient had angina pectoris, coronary failure® 
or myocardial infarction. In approximately 
one-third of the patients in both the amputa- 
tion and control groups such a diagnosis could 
be established. 

Hypertension. Arterial hypertension was con- 
sidered to be present if the systolic or diastolic 
pressure reached or exceeded 150 or 90 mm. 
Hg respectively. More than three-fourths of 
the patients in the amputee series had elevated 
blood pressures. These figures did not differ 
significantly from those in the control group. 

Intermittent Claudication. A diagnosis of 
intermittent claudication was accepted when 
physical exertion produced in the foot, calf, or 
thigh, pain or cramps promptly relieved by 
cessation of the activity. In no patient did 
unusual activity precipitate or aggravate gan- 
grene. Marked restriction of physical activity 
was necessitated by advanced congestive 
failure, cerebral vascular accidents, chronic 
nephritis or leg fracture in one-fourth of the 
patients who required major amputations: 
claudication was not present prior to restric- 
tion of activity in any of them. Among the 
remaining 29 active patients in this group, 
claudication was present in less than half. The 
duration of the claudication prior to the onset 
of gangrene varied from 3 months to 29years 
with an average of approximately six years. 


Intermittent claudication occurred in a similar 
number of the control group. 

Injudicious Therapy and Local Trauma. 
Injudicious therapy was defined as the applica- 
tion of any procedure or treatment that in- 
creased the disparity between the local blood 
supply and the metabolic requirement of the 
involved extremity. Eight of 34 amputees in 
whom this factor could be assessed had applied 
hot soaks or received diathermy to the ex- 
tremity. Twelve episodes of local trauma were 
recorded in 26 patients subsequently under- 
going major amputation. These consisted of 
laceration of the skin from cutting of the toe 
nails in four patients, a scratching or stubbing 
of a toe in five patients, a brick falling on a 
toe in one patient and ankle injuries in two 
other patients. Three patients had had recent 
fractures of the same leg that subsequently 
became gangrenous. The incidence of in- 
judicious therapy and trauma in the control 
group was, however, similar to that among 
patients requiring major amputations. 

Digital and Transmetatarsal Amputation. 
Toes were amputated in nine patients from the 
amputation group without success and in 14 
from the control group with healing. Healing 
time was prolonged up to a year in two pa- 
tients in the latter group. 

Transmetatarsal amputation was performed 
in five patients in the amputee group: healing 
occurred in one. In this patient (case 18) one 
and a half years after a transmetatarsal am- 
putation gangrene developed proximal to the 
amputation site. Four control patients had 
transmetatarsal amputations with healing. 


Group III. Factors in which the number of 
observations were inadequate to justify con- 
clusions 


Anticoagulant Therapy. Although anticoagu- 
lant therapy was given to eight patients in the 
amputee group after the onset of gangrene, in 
only two instances (cases 18 and 23) was the 
hemostatic mechanism significantly altered for 
a prolonged period.'® These two patients, hos- 
pitalized because of gangrene, developed acute 
myocardial infarction while in the hospital and 
received bishydroxycoumarin (Dicumarol) for 
21 and 28 days respectively. Low thigh am- 
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putations were carried out 61 and 50 days 
respectively after the onset of the infarction 
and 40 and 22 days after the discontinuance 
of Dicumarol. In one of these patients (case 
18) multiple recent occlusions were demon- 
strated in the amputated extremity, but it 
could not be conclusively established by 
pathologic examination whether or not their 
deposition antedated the cessation of the anti- 
coagulant therapy. No patients in the control 
group received adequate anticoagulant therapy. 

Drugs. Vasodilating agents such as benzyl- 
imidazoline (Priscoline), papaverine and ether 
were given orally or intravenously to 10 
patients who subsequently underwent major 
amputation. In no instance was there evidence 
of beneficial or harmful effect on necrosis or 
pain. The drugs were used, however, only for 
brief periods in varying dosages so that their 
efficacy could not be fairly evaluated. Five 
patients in the control series also received 
vasodilators without definite effect. 

Lumbar Sympathectomy. Lumbar sympathec- 
tomy was carried out in seven patients from 
the amputee group. In no instance was the 
clinical course altered favorably. In fact, one 
of these patients (case 20), in whom sym- 
pathectomy was performed because of a cold 
painful extremity, developed an ulceration of 
a toe on the sixth postoperative day. In 5 of 
the 11 control patients who underwent sym- 
pathectomy, healing of the ulcerations or gan- 
grene occurred promptly. Among the remain- 
ing six healing was so delayed that the role of 
the sympathectomy in the final result was not 
clear. 

Leg and Thigh Amputation. There were 17 
lower leg and 22 thigh amputations. Four of 
the lower leg amputations had to be revised. 
Only one patient (case 28) required revision of 
a low thigh amputation and this was neces- 
sitated because of massive extension of a fresh 
occlusion proximally to the iliac artery. 


CLINICAL IMPLICATIONS 


Absent popliteal pulsation, congestive failure 
and neuropathy were significantly more com- 
mon among patients requiring major amputa- 
tions than among those with ulceration and 
gangrene who did not need such extensive sur- 
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gery. There was also a suggestively highe: 
incidence of debilitating diseases and serious 
mental disturbances among the amputee group 

The consistent development of gangrene ii 
the hemiplegic leg was of considerable interest 
since it has been suggested that blood flow te 
such extremities is increased.'! The impaired 
control of these extremities by the patient 
may, however, have been responsible for the 
development of gangrene in these limbs. This 
is supported by the finding that in three 
patients with arterial insufficiency who had 
sustained recent hip or thigh fractures, gan- 
grene developed in the injured extremity. 

When other factors such as shock, local 
injury, infection or anemia are superimposed 
on the ischemic limb the disproportion between 
blood supply and demand may be exaggerated 
and gangrene result. The role of anemia in this 
regard deserves special mention. The possibility 
was considered that many of the observed low 
hemoglobin levels may have been a reflection 
of age unrelated to specific disease processes. 
Shapleigh, Maves and Moore, however, have 
found that the peripheral blood and bone 
marrow do not change strikingly as people 
grow older.’ In anemia the tissues are given 
enough oxygen for their basal requirements, 
but the low tissue oxygen tensions which exist 
result in a diminution of the margin of safety.” 
In the presence of advanced occlusive disease, 
even a mild anemia may decrease this margin 
of safety sufficiently to tip unfavorably the 
delicate balance between viability and necrosis. 

It has been demonstrated that anemia may 
stimulate interarterial anastomoses.'® Once 
clinical manifestations of ischemia have de- 
veloped in an extremity, however, viability 
will be enhanced by correction rather than 
maintenance of the anemia. In these elderly 
patients this can be achieved by multiple 
small transfusions. 

The prominence of diabetes among the pa- 
tients with peripheral arteriosclerosis and 
gangrene in this study is striking. This meta- 
bolic disorder may contribute in several ways 
to peripheral arterial insufficiency. Diabetes 
probably accelerates the atherosclerotic proc- 
ess itself; it is, thus, associated with cerebral 
atherosclerosis which often interferes with the 
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exercise of good judgment by the patient and 
with coronary atherosclerosis with resultant 
vongestive failure. It is also associated with 
etinal and peripheral neuropathy which alters 
he patient’s awareness of local trauma. 
‘‘inally, resistance to infection may be im- 
vaired in diabetic patients.!® The incidence of 
liabetes in the present series is higher than 
hat reported by other investigators.'*!* Yet, 
n 7 of the 30 diabetic patients requiring major 
imputation in this study, the disease was first 
recognized after the onset of gangrene. Among 
33 patients from the Boston City Hospital in 
whom low thigh amputations were performed 
because of arteriosclerotic gangrene only two 
were clearly nondiabetic.2° The discrepancy 
between our findings and those in the litera- 
ture may have resulted, in part, from different 
criteria used to establish the presence or 
absence of diabetes. Since the severity of the 
diabetic state is not related to the development 
of gangrene and since in several patients the 
metabolic defect was recognized only after 
examination of the blood sugar, diabetes should 
be suspected in every patient with peripheral 
arteriosclerosis. It is only in this way that any 
possible benefits from good management can 
be realized.”! 

The pathologic substrate for gangrene in the 
arteriosclerotic limb is extensive occlusive dis- 
ease. The subsequent development of fresh 
occlusions may obstruct the main leg arteries 
and block previously effective collateral chan- 
nels. Arrhythmias and hypotension were found 
frequently in this study to be associated with 
multiple and extensive fresh occlusions. From 
the standpoint of tissue viability it is immate- 
rial whether these fresh occlusions are embolic 
from the heart or local thromboses of arterial 
segments in the leg. Our previous pathologic 
studies have shown the important factors to be 
the location and the length of the occlusions.! 
Usually a small fresh occlusion can be tolerated 


by an arteriosclerotic limb because of a pre- 
viously formed and rich collateral circulation. 
An extensive occlusion, however, is dangerous 
because it blocks the large arteries which are 
acting as communications between many sets 
of collateral vessels. Sudden spread of gangrene 
developed in two patients (cases 10 and 28) 


while they were under observation in the 
hospital. This rapid progression of necrosis was 
shown subsequently to be related to the deposi- 
tion in the popliteal arteries of fresh thrombi, 
11 and 13 em. in length, respectively. If such 
catastrophes could have been prevented in 
these patients, it is conceivable that conserva- 
tive management might have salvaged these 
extremities. A major therapeutic attempt 
should thus be made, in patients with incipient 
or limited gangrene, to prevent the deposition 
or extension of fresh occlusions in the main 
arterial channels. There are a number of experi- 
mental studies*-** indicating that the develop- 
ment and growth of thrombi may be aborted 
by anticoagulant therapy. Such therapy, 
although not without dangers,?* may be effec- 
tive in diminishing the necessity for major 
amputations. 

From our own studies, the role of embolec- 
tomy has yet to be clearly defined. Frequently 
it is difficult to determine clinically whether 
one is dealing with an embolus or a thrombus. 
Emboli in the popliteal artery and below are 
not easily accessible for removal and the sur- 
gical procedure itself may sever crucial col- 
lateral arterial channels. In addition, operative 
incision of atherosclerotic vessels carries some 
risk of subsequent thrombosis. The prime con- 
sideration is not the presence of an arterial 
obstruction, per se, but rather its length and 
its potential for propagation. Ideally, there- 
fore, the management of choice in most pa- 
tients with fresh peripheral arterial occlusion 
would appear to be adequate anticoagulant 
therapy in order to prevent the propagation of 
clot which has already formed.” 

The theoretic value of vasodilatation by 
surgical or medical means in combating gan- 
grene is not so firmly grounded as is anti- 
coagulant therapy. In the first place a very 
rich collateral circulation is already present in 
the legs of patients with advanced obliterative 
arterial disease: this collateral circulation is, 
moreover, remarkably free of intrinsic occlu- 
sions and narrowings.' In the second place, 
there is little clinical or experimental evidence 
to support the concept of ‘‘spasm’’ in this 
collateral circulation which need be overcome 
by inactivating all or part of the sympathetic 
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nervous system. Whether it is helpful even to 
remove normal vascular tone in these patients 
remains unsettled. The fact that interruption 
of sympathetic activity may increase skin 
temperature does not necessarily imply a 
similar vasodilation in deeper structures.?*: *° 
The reverse has, in fact, been claimed.*! 
Finally, some observers*: **: #4 believe that 
lumbar sympathectomy may occasionally even 
precipitate gangrene. 

Drugs capable of blocking vasoconstrictor 
tone in an extremity may also cause hypoten- 
sion and tachycardia. In patients with coronary 
artery disease such disturbances in hemody- 
namics may precipitate myocardial ischemia 
and even necrosis.** It is, therefore, important 
to recall the high incidence of coronary artery 
disease among elderly diabetic patients*® as 
well as the fact that many patients may have 
coronary artery obstruction without clinical 
manifestations.” In the five patients in the 
amputee group who came to necropsy, exam- 
ination of the hearts by the method of Schlesin- 
ger*® revealed in each instance the presence of 
coronary artery occlusions. In one of these 
five patients (case 4) a diagnosis of coronary 
artery disease had not been made ante mortem. 

There have been several reports of the value 
of intra-arterial vasodilators in the management 
of advanced peripheral arteriosclerosis.**: 4° 
This route of administration, it has been 
claimed, will minimize the systemic effects of 
the drug. Recently, however, intra-arterial 
Priscoline has also been found to produce 
myocardial infarction.“ Intra-arterial therapy, 
requiring as it does repeated arterial puncture, 
invites, of course, the risk of thrombosis in 
sclerotic arteries. The value of such therapy in 
patients with advanced obliterative disease 
remains to be established. 

It is curious that, in the heart where occlu- 
sions are small, comparatively few in number 
and preformed anastomoses rare, current 
therapeutic trends have emphasized the value 
of anticoagulants rather than measures de- 
signed to stimulate the collateral circulation. 
On the other hand, in the leg where occlusions 
are extensive and a relatively adequate anas- 
tomotic circulation is already present most of 
the effort has been designed toward stimulat- 
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ing collateral circulation and little toward 
preventing the major channels from becoming 
extensively occluded. 

From the clinical viewpoint, gangrene usu- 
ally develops in the elderly, mentally disturbed 
mild diabetic with peripheral neuropathy and 
absent pulsations distal to the femoral arteries. 
Almost invariably two or more conditions such 
as extensive fresh occlusions, congestive failure, 
anemia, shock, local injury or infection aggra- 
vate the circulatory imbalance. These criteria 
may be of little prognostic help in individual 
cases because our ability to assess the extent 
of the occlusive disease and of the local injury 
is very crude. Occasionally patients who appear 
inevitably headed for a major amputation will 
escape such an outcome with prolonged and 
diligent conservative management. Conversely 
even in the presence of proven minimal occlu- 
sive disease a severe neglected insult to the 
leg may result in extensive gangrene and am- 
putation. Thus, occlusions were found in only 
one of the three tibial arteries in a special 
group of patients from the Boston City Hos- 
pital.' In these patients neglect of small lesions 
because of psychosis, diabetic acidosis, or 
application of excessive heat resulted in spread- 
ing sepsis and made amputation necessary even 
occasionally in the presence of pedal pulsations. 

The value of arteriography is limited since 
most occlusions lie between the knee and the 
ankle where it is relatively difficult to visualize 
them roentgenographically. Moreover, the 
procedure itself carries a small but definite 
risk.” Unless surgical intervention in the form 
of embolectomy or arterial resection is con- 
templated, arteriography should not be per- 
formed in patients with arterial insufficiency. 

Recently, the more extensive use of lower 
leg amputation for peripheral gangrene has 
been advocated." '* In our own series more 
difficulties were encountered with the lower leg 
than with the low thigh stumps. One of the 
principal explanations for the difference in 
healing of the two procedures may be that the 
lower leg amputation does not eliminate sites 
of major arterial obstruction which are diffusely 
scattered over the area from the knee to the 
ankle.! Obstructions in the femoral artery are 
rarely as extensive as in the tibial vessels.' 
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One of the most encouraging conclusions 
from this study is that the leg can tolerate a 
tremendous amount of occlusive disease be- 
cause of a well-developed collateral circulation. 
The major threats to viability of the arterio- 
sclerotic limb come from the sudden extension 
of fresh occlusions and the placing of excessive 
demands upon a compromised circulation. At 
the present time the former may be treated by 
anticoagulant therapy and the latter by pro- 
phylaxis and vigorous treatment of infection, 
anemia and other factors which increase local 
metabolic demands. Antibiotics have already 
played a large role in reducing the necessity 
for major amputations. Today, short of a cure 
for atherosclerosis, prophylaxis remains the 
real key to therapy. By insuring proper care of 
his feet, the patient and his physician, rather 
than the extent of the occlusive disease, per se, 
will largely determine the incidence of gan- 
grene and amputation. 


SUMMARY 


1. A clinical-pathologic study of peripheral 
arteriosclerotic gangrene was carried out in a 
group of 38 patients who underwent major 
amputation. These surgically removed speci- 
mens were all examined by a special technic 
of injection and dissection of the arteries. The 
clinical records of a control group of 37 patients 
with arteriosclerotic gangrene but not requir- 
ing major amputation were also reviewed. 

2. Gangrene usually develops in the elderly, 
mild diabetic with peripheral neuropathy and 
absent pulses distal to the femoral arteries. 

3. Extensive fresh occlusion, congestive fail- 
ure, marked mental disturbances, debilitating 
diseases, anemia, shock, local injury and infec- 
tion may precipitate gangrene in the ischemic 
limb by aggravating the disproportion between 
local blood supply and demand. If this dis- 
parity between supply and demand is suffi- 
ciently great, gangrene may supervene in 
extremities with relatively little occlusive 
disease. 

4. Therapy to prevent the development and 
propagation of fresh occlusions in the main 
arterial channels is probably more important 
for survival of the ischemic limb than efforts 
to stimulate the collateral circulation. 


5. One of the most encouraging conclusions 
of this study is that the leg can tolerate a 
tremendous amount of occlusive disease be- 
cause of a well-developed anastomotic circula- 
tion. By insuring proper care of his feet, the 
patient and his physician, rather than the 
extent of the occlusive disease, per se, will 
largely determine the incidence of gangrene 
and amputation. 


Sumario EspaNou 


Un estudio clinico-patolégico de la gangrena 
periferal arterioesclerotica se informa en el cual 
todos los especimenes amputados fueron exami- 
nados por medio de una técnica especial de 
inyeccién y diseccién de arterias. El tipo de 
paciente en el cual gangrena usualmente se 
desarolla se define. El efecto de varias condi- 
ciones clinicas y patolégicas en el grado de 
insuficiencia arterial se discute desde el punto 
de vista de la patogénesis y la terapia. 
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Atrial Septal Defects in Children 
An Angiocardiographic Study 


By Joun Linp M.D., AnD Cart WeGE.Ius, M.D. 


Atrial septal defects in children have been examined with an angiocardiographie technic which 
permits conclusions concerning the dynamics of the heart. This method combines direct synchro- 
nous biplane photography at a speed of 10 to 12 pictures per second with simultaneous electro- 


cardiograms. 


EFECTS in the atrial septum are of 

relatively great clinical importance. 

They are the most common of all 
congenital cardiac malformations, constituting 
as a single lesion 7 to 25 per cent! and as a 
combined lesion perhaps as high as 85 per cent? 
of all congenital cardiac anomalies. Moreover, 
they are not infrequently accompanied by 
disturbances in circulation which cause symp- 
toms sufficiently severe to compel the patient 
or the patient’s family to seek medical help. 
Except for an occasional instance, they are 
not as yet among those congenital cardiac 
lesions that are amenable to surgical treatment 
Since these defects are not operable, their 
recognition is of importance in deciding 
whether a given congenital lesion can or can- 
not be treated surgically. With further surgical 
progress, possibly in the directions already 
being taken by Santy,? Murray,’ and others, 
the sure recognition of atrial septal defects 
may become the prelude to their repair. 


DIAGNOSIS 


At the present time the defects are often 
difficult to diagnose clinically, even with the 
aid of routine roentgenography. According to 
Taussig,®> among young adults atrial septal 
defect is the congenital malformation of the 
heart that is most frequently seen in medical 
practice and least frequently diagnosed cor- 
rectly. 

Needless to say, the paucity of specific clini- 


From the Pediatric Clinic of the Caroline Institute 
(Chief, Prof. A. Wallgren) and the Department for 
Cardiovascular Research of the Wenner-Gren Insti- 
tute, Stockholm. 


cal features is clearly reflected in the differ- 
ence between the autopsy incidence of the 
lesion and the considerably lower clinical 
incidence. The first step toward further de- 
velopment must therefore be increased ac- 
curacy in diagnostic methods. 


Previous Use of Angiocardiography 


With the advent of angiocardiography it 
was hoped that a method had become available 
by means of which the diagnosis of atrial septal 
defect could be established with certainty. 
Unfortunately, however, such has not been 
the case. Despite the unquestioned value of 
angiocardiographic data in the evaluation of 
most congenital cardiac malformations, it has 
been of relatively little help in the diagnosis 
of atrial septal defects. Steinberg, Grishman 
and Sussman® have been able to demonstrate 
defects by angiocardiography in only a small 
percentage of cases. Cosby and Griffith’ say 
simply that angiocardiography is ‘of little 
if any value” and Brown,? Bing* and de Groot? 
apparently hold the same opinion. 


PATHOPHYSIOLOGIC CONSIDERATIONS 


By direct measurement during heart cathe- 
terization in cases of atrial septal defect, it 
has been demonstrated that pressure in the 
left atrium usually exceeds that in the right 
atrium. Because of this pressure gradient the 
flow through an unguarded atrial septal defect 
is ordinarily from left to right.!° Not infre- 
quently, however, it has been found that the 
pressure in the two atria is approximately the 
same and no shunt can be demonstrated. 
Furthermore, cases of atrial septal defect have 
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been reported in which the direction of the 
shunt was mainly from right to left. These 
instances seems to be relatively rare except 
when associated with pulmonary stenosis or in 
terminal stages where cardiac insufficiency has 
been established. Soulié, Joly, Carlotti and 
Sicot" have reported cases of mixed shunts; 
in this connection, it has been suggested that 
at some period in the cardiac cycle the shunt 
is reversed because of brief changes in the 
pressure gradient. The right atrium has been 
shown to fill faster than the left, and, because 
of this, it has been suggested that the right 
to left shunt takes place during atrial diastole. 
Many factors, however, appear to be involved, 
especially the atrial pressure variations incident 
to the respiratory cycle. The shunt in atrial 
septal defect seems to be bidirectional usually, 
a small amount of blood passing from right to 
left at a certain period of the heart cycle. 


PREREQUISITES FOR DIAGNOSIS OF ATRIAL 
SepTaL Derect BY ANGIOCARDIOGRAPHY 


A definite step forward seems to us to be 
offered by an altered angiocardiographic tech- 
nic. We feel that, if we could make exposures 
rapidly enough in projections which give clear 
and free and, insofar as it is possible, ortho- 
roentgenograde visualization of the atrial 
septum, we might demonstrate graphically a 
brief right-to-left shunt. Even though there is 
no right-to-left shunt under usual circum- 
stances, such a shunt may be produced by the 
altered pressure relationships incidental to the 
injection of the contrast medium. This would 
be more apt to occur in infants or children 
where the injection is made closer to the heart 
and the amount of contrast medium would re- 
sult in relatively greater pressure differentials 
than in adults. Such a shunt can only take 
place during atrial diastole, as the orifices of 
the superior and inferior vena cava are func- 
tionally closed during atrial systole (fig. 4). 
Surely such a moment, in the first or second 
heart beat following arrival of the dye in the 
right atrium, would be the optimal time for 
demonstrating the defect. Relatively highly 
concentrated contrast medium from the right 
atrium should then pass through that defect 
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into a left atrium which at this instant will 
contain no dye at all, and which will be visible 
since there will be no overlying shadows of dye 
in pulmonary vessels to confuse or to mislead. 
Incidentally, it is at least possible that, with 
such a reversed pressure gradient as we assume 
might exist here for a split second, we might 
actually visualize a patent foramen ovale which 
under conditions of normal pressure would be 
functionally closed. In evaluating the clinical 
importance of such phenomena the amount of 
shunted dye is significant. It is evident that 
quite small persistent foramina lack patho- 
logic importance, as indicated by routine roent- 
genographic data and clinical findings. 


ANGIOCARDIOGRAPHIC TECHNIC USED 1N 
PRESENT INVESTIGATION 

The technic has as its essential feature syn- 
chronous roentgen photography in two planes 
at a rate of 10 to 12 exposures per second in 
each plane and with precise registration of the 
time of the exposures on a simultaneously 
recorded electrocardiogram.” 

The patient must be placed in such a position 
that in one projection the atria are not super- 
imposed and the atrial septum lies as nearly 
as possible parallel to the course of the roent- 
gen rays. We have found the two oblique views 
to be distinctly preferable to an anteroposterior 
and a lateral, the more informative of the 
two obliques being usually the left anterior. 
In the more commonly used anteroposterior 
projection, the atria overlie one another and 
it may be impossible to determine whether a 
shadow in this area is the result of opacifica- 
tion of the right, the left or both atria. The 
use of two projections simultaneously is, 
therefore, important and offers great help in 
interpreting the films by aiding the examiner to 
localize exactly the dye within the heart, to 
determine whether the dye is in the right 
atrium only or in the right ventricle as well 
and to determine the time of its first appear- 
ance in the left atrium. The usefulness of two 
simultaneously recorded projections has also 
been proved to us in cases of anomalous, super- 
numerary, left superior venae cavae in which a 
reflux of dye, recorded in one projection alone, 
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casts a shadow resembling that of an atrial 
septal defect.* 


INVESTIGATIONS CARRIED OUT 


Studies of the Circulation through the Human 
Fetal heart 


The course of the blood stream through the 
fetal heart has been a subject of controversy. 
The principal question has concerned the 
degree of separation or of mixing of the two 
streams entering the fetal right atrium, i.e., the 
well-oxygenated blood from the placenta and 
the poorly oxygenated blood brought by the 
superior vena cava. Recent studies in sheep 
fetuses have strikingly demonstrated the 
crossing of streams from caval veins with 
most of the blood from the placenta traversing 
the foramen ovale directly into the left atrium. 
Barclay and co-workers stressed, however, 
the difficulty of transferring the findings 
established in animal experiments to the human 
fetal circulation and the desirability of further 
angiocardiographic studies on human fetuses. 

We have been able to perform angiocardiog- 
raphy on human fetuses obtained by legal 
abortions.'* The fetus was removed by cesarian 
section and as the angiocardiographic table 
was placed beside the operating table, the 
examination could be carried out within 
one-half minute. 

When the opaque material is injected 
through the umbilical vein it can be followed 
through the ductus venosus directly into the 
right atrium. When the stream of dye enters 
the heart it divides on the free edge of the 
interatrial septum into a larger left stream and 
a smaller right stream, the former passing 


* The following amounts of contrast medium (Um- 
bradil, 70 per cent, Astra) in a 70 per cent solution, 
have been used. 


Dose, ml./Kg. of weight 
Weight, Kg. sae 
Injection in 


Injection in 
cubital vein 


malleolar vein 


2.5-5 —1 
5-10 = 
10-20 | 0.75- 


he 
1.25 


Within these limits, the amount is governed by 
the cardiac volume. 


through the foramen ovale (fig. 1). In a series 
of 12 human fetuses aged 12 to 22 weeks this 
division of the blood from the inférior vena 
cava by a crista dividens could be demon- 
strated in all cases. 


Clinical Consequences 


The defects that are found in the inter- 
atrial septum are of varying congenital origin. 
Pathologists distinguish among patent fora- 
men ovale, persistent ostium primum and 
persistent ostium secundum. It has been said 
that on clinical and physiologic grounds such 
distinctions are unwarranted. If an atrial septal 
defect exists, the direction and amount of 
shunt must depend upon the pressure rela- 
tionships in the atria. Concerning the atrial 
septal defects, it may, however, be of interest 
to mention that in a series of five infants, 
where in each case angiocardiography was 
carried out twice by injection of dye through 
an antecubital vein and through a malleolar 
vein, the communication in three cases could 
only be shown by angiocardiography when the 
injection was made from below; that is to say, 
when the dye was introduced via the superior 
vena cava, no atrial patency could be shown 
(fig. 2), a result which corresponds with the 
actual demonstrated behavior of the fetal 
circulation discussed under the preceding 
heading. This result indicates that in cases of 
suspected atrial septal defect in infants which 
are to be studied by angiocardiography, the 
injection of contrast medium should be made 
from below. 


The Closure of Foramen Ovale at Birth 


It has long been known that shortly after 
birth the foramen ovale closes, thus completing 
the arrangement by which all the blood upon 
return from the body capillaries must go to 
the lungs before again starting on the systemic 
circuit. There is still a difference of opinion, 
however, as to how promptly the foramen 
closes. 

With the expansion of the lungs the flow of 
blood through the lungs increases and more 
blood consequently returns to the left atrium, 
thus raising the pressure in this chamber. The 





ATRIAL SEPTAL DEFECTS IN CHILDREN 


Fic. 1. Entrance of blood from inferior vena cava into both atria during fetal life. Fetus aged approxi- 
mately 21 weeks. Right anterior oblique position (RAO, a-;). Left anterior oblique position (LAO, 
bi-s). 

a,b: Dye passing through the umbilical vein and through the ductus venosus. a2b2: Hepatic veins 
and inferior vena cava visualized. In entering the heart the dye is divided by crista dividens into both 
atria. a;b;: One tenth of a second later, still no dye in the ventricles. The division is apparent. 
More dye in left than right atrium. 
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change in relative pressure thus produced in 
the two atria tends to close the valve of the 
foramen ovale and acts to keep it closed. The 
work of Barclay, Franklin and Prichard indi- 
cated that the contraction of the left atrium 
in itself closes the foramen ovale, and that this 
closure occurs physiologically immediately 
after birth and before that of the ductus arte- 
riosus. 

As the injection of contrast medium in 
human fetuses cannot be performed rapidly 


diagnosis of an atrial septal patency could 
be made in every case (fig. 3). The same amount 
of dye was used with both methods. 

However, in all the cases investigated, where 
a patency had been proved, only insignificant 
amounts of dye were shunted into the left 
atrium. 

After the sixth day of life, however, we 
have never been able to demonstrate any atrial 
septal patency in newborn infants (eight 
cases). 


Fra. 2. Demonstration of an atrial septal defect when dye was injected via inferior vena cava which was 
not shown when dye was injected via superior vena cava. Left anterior oblique position and right anterior 


oblique position. 


Injection of dye into a malleolar vein. No dye has passed into the ventricle at the beginning of the 
first visualized atrial systole. The stream of dye in the inferior vena cava is seen to be divided, a great 
part of it being directed into the left atrium through a septal defect, possibly as a result of mech- 
anism similar to that which is normal in fetal life (compare fig. 1). 


enough through the umbilical vein, because 
of the closure of ductus venosus, the state of 
patency of the foramen ovale and the ductus 
arteriosus must be studied in another way.'® 
In six newborn infants with no cardiovascular 
disease in whom angiocardiography was car- 
ried out by injection into the antecubital vein 
within 12 hours after delivery, a diagnosis of 
atrial septal patency was made in two cases. 
In six other newborn infants where injection 
was done from below through a malleolar 
vein, also within 12 hours after delivery, the 


Functional Foramen Ovale in Asphyxia Neo- 
natorum. From the functional type of closure 
and the stage of development of the heart in 
the neonatal period it follows that the direc- 
tion of the flow of blood may become reversed 
from the extra-uterine type back to the fetal 
type.'® That this happens not very infrequently 
seems to follow from the fact that we have 
observed several cases of asphyxia neonatorum 
in which angiocardiography demonstrated an 
intra-uterine type of circulation with the crista 
dividens directing most of the blood from the 
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Fic. 3. Importance of high speed angiocardiography. The atrial septal defect is only seen during 
atrial systole. Newborn, four hours old. Left anterior oblique position. Dye injected from below. 


b,b;: Atrial diastole, no shunt into left atrium demonstrated. b.b;: Atrial systole, small amount 


of dye passing into left atrium. 


inferior vena cava into the left side of the heart 
(fig. 4). 


Angiocardiographic Findings in Atrial Septal 
Patencies in Infants and Young Children 


Indirect Anatomic Evidence of Patency. Pro- 
vided that the defect is sufficiently large, the 
indirect indications of atrial septal defect can 


be seen by fluoroscopy and routine radiologic 
examination. They can be demonstrated 
often more strikingly, by angiocardiography. 
The heart is nearly always enlarged to the lef 
and often to the right as well. The dilated righ 
atrium displaces the distended right ventricl: 
which, in turn, may form the rounded lef 
border of the heart. Left atrium and ventricl: 
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Fig. 4. Disturbances in the postnatal closure of foramen ovale in a case of anoxia in a newborn. Left 
and right anterior oblique positions. Injection into a malleolar vein. 


aib,: The inferior vena cava heavily contrast-filled. Starting atrial contraction. Dye is stopped 
at the caval orifice. Retrograde contrast filling of the liver veins. About the same amounts of dye in 
right and left atrium. a2b2: End of the following atrial diastole. A broad stream of dye can be seen 
passing over into the left atrium. 
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are of normal size or are small. The dilated 
pulmonary artery in contrast to the aorta is a 
prominent radiologic feature. In the left an- 
terior oblique position the enlarged right 
ventricle is usually seen to project to the an- 
terior chest wall, often displacing the left 
ventricle backwards. In the right anterior 
oblique position the esophagus is seen to be 
diffusely pushed backward by the large heart, 
though the left atrium is not enlarged. 

Indirect Hemodynamic Evidence of Patency. 
The profuse pulmonary vascularity is often 
seen in both oblique projections. Having the 
same significance as the hilar dance, often 
seen fluoroscopically, is an increased amplitude 
of the pulsations of the pulmonary artery. 

A persistent opacification or reopacification 
of the right atrium and ventricle and the pul- 
monary arteries from the left heart gives pre- 
sumptive evidence of interatrial communica- 
tion, with a left-right shunt. This conclusion is 
justified only when it can be established that 
the dye in the right heart can have come only 
from the left heart. If the dye is injected slowly 
or if its disappearance from an afferent vein 
is delayed—a not infrequent event when the 
dye is carried to the heart via the inferior 
vena cava—the appearance of persistent opaci- 
fication or reopacification is produced, the 
source of the dye obviously being the venous 
tributaries of the right heart and not the left 
heart. In the left anterior oblique position per- 
sistent opacification of the right side of the 
heart can be identified clearly. In the right 
anterior .oblique position it can be established 
that the right atrium and not only the right 
ventricle and pulmonary artery are opacified. 
This is of some differential importance since, 
with interventricular septal defect, only the 
right ventricle and pulmonary artery show 
persistent opacification or reopacification. 

As a consequence of the shunt the visualiza- 
tion of left ventricle and aorta is generally 
poor. The individual signs are well known and 
need not be described in detail or illustrated 
here. 


Direct Demonstration of Atrial Septal Patency 


In view of the considerations which have 
been discussed, it seemed to us that, by a 
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modified technic, it might be possible to demun- 
strate a direct spread of contrast substai ce 
from the right to the left atrium during 1he 
first few heart cycles after the injection, ir- 
respective of the direction of the interati al 
shunt. We now wish to discuss the results of 
our studies. 

Material and Results. A review of our n.: 
terial consisting of 150 certain or suspected 
cases of congenital heart disease studied »y 
angiocardiography revealed that in 30 cases 
(20 per cent) the atrial septal patency has been 
distinctly visualized. In many cases it has 
further been possible to make observatioiis 
concerning the size, localization and patho- 
physiology of the patency. 

In comparison it may be mentioned that in a 
smaller series of 12 infants less than 2 years 
of age and without evidence of cardiovascular 
disease none showed evidence of atrial septal 
patency. 

Size of the Septal Patency. Despite the em- 
bryologic and anatomic interest one may find 
in the many different forms which atrial septal 
defects may display, the clinical importance of 
those defects depends, according to Roesler, 
not upon their form or their position but rather 
upon their size.” He suggested that only those 
defects which measure at least 1 cm. in diame- 
ter are clinically significant. Such a standard 
applied to infants and children would, how- 
ever, obviously be unsatisfactory because of 
the variable growth of the defect along with 
the growth of the heart, and, particularly, 
because it seems most reasonable to assume 
that clinical importance depends not so much 
upon actual size of the defect as upon its 
relative size, relative, that is, to heart. size. 
In connection with this it may be pointed out 
that the size of the patency in the working 
heart probably is not constant. Several observa- 
tions we have made seem to show that the size 
of a defect can change during the heart cycle 
and that the opening is smallest at the heigh: 
of atrial systole (fig. 5). 

It has been possible to recognize by angio 
cardiography the size of the patencies directl) 
and thus to rule out—at least in most cases 
the possibility of the presence of a simpk 
patency of the foramen ovale, or small an 
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per:aps clinically inconsequential septal de- 
fec's. 
ocalization. In most cases the left anterior 
ob que view gives some information about the 
lo lization of the defect. The possibility that 
th: localization of the defect may occasion pe- 
cu iarities in the clinical picture has already 
ben mentioned. 

-athophysiology. If the pressure is higher in 
right atrium than in the left—for instance in 
cases associated with pulmonary stenosis 
the right-to-left shunt of dye is most marked 
during atrial systole; no prolonged opacifica- 


If there is a big shunt from left to right, the 
dilution of dye in the right atrium and ventricle 
through blood shunted from the left atrium 
becomes apparent in the series of pictures as 
long as the concentration of dye is much higher 
in the right than in the left atrium. 

It has been pointed out that the findings of 
persistent opacification (actually reopacifica- 
tion) of the right atrium, right ventricle and 
pulmonary arteries must be interpreted with 
extreme caution. Caution is particularly neces- 
sary if an angiocardiographic method used 
consists in making 1 to 2 exposures per second 


Fig. 5. Demonstration of change in size of atrial septal defect in different phases of the heart cycle. 


Left anterior oblique position. 


b,: Beginning of atrial contraction; dye being shunted from right atrium into the left. b2: End of 


atrial contraction; left atrium is outlined, 
atrial diastole; left atrium is clearly opacified. 


tion or reopacification of the right atrium 
appears at the end of the examination. 

If the dye is shunted into the left atrium 
mainly during atrial diastole, it may be due to 
the existence of bidirectional shunt or a reversal 
of the shunt caused by the increased pressure 
in the right atrium incident to the injection of 
‘he contrast medium. This can be confirmed 
'.y later pictures of the series showing the shunt 
«! dye back from the left atrium into the right 

ainly during atrial systole. This shunt is 
‘iagnosed either by a maintained opacification 

the right heart or by a real reopacification. 

1 cases of open foramen ovale and small atrial 
eptal defects no such shunt of the dye from 

t to right atrium will be seen. 


though indistinctly. 6;: End of the following 


in one projection only. The interpretation is, 
however, easier and can be more accurate if 
there is available for study a series of films in 
which are included synchronously recorded 
views in two projections and in which the 
interval between successive exposures is suffi- 
ciently brief to permit a continuous registra- 
tion of the passage of the dye through the 
heart. 

In pathologic cases in which the function 
of the right atrium is interfered with. systolic 
reflux of dye into the venae cavae is very com- 
mon (fig. 6). In cases of atrial septal defects 
with significant left-to-right shunt, reflux, most 
often into the inferior vena cava, is regularly 
seen. As the closure mechanism which sur- 
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are of normal size or are small. The dilated 
pulmonary artery in contrast to the aorta is a 
prominent radiologic feature. In the left an- 
terior oblique position the enlarged right 
ventricle is usually seen to project to the an- 
terior chest wall, often displacing the left 
ventricle backwards. In the right anterior 
oblique position the esophagus is seen to be 
diffusely pushed backward by the large heart, 
though the left atrium is not enlarged. 

Indirect Hemodynamic Evidence of Patency. 
The profuse pulmonary vascularity is often 
seen in both oblique projections. Having the 
same significance as the hilar dance, often 
seen fluoroscopically, is an increased amplitude 
of the pulsations of the pulmonary artery. 

A persistent opacification or reopacification 
of the right atrium and ventricle and the pul- 
monary arteries from the left heart. gives pre- 
sumptive evidence of interatrial communica- 
tion, with a left-right shunt. This conclusion is 
justified only when it can be established that 
the dye in the right heart can have come only 
from the left heart. If the dye is injected slowly 
or if its disappearance from an afferent vein 
is delayed—a not infrequent event when the 
dye is carried to the heart via the inferior 
vena cava—the appearance of persistent opaci- 
fication or reopacification is produced, the 
source of the dye obviously being the venous 
tributaries of the right heart and not the left 
heart. In the left anterior oblique position per- 
sistent opacification of the right side of the 
heart can be identified clearly. In the right 
anterior oblique position it can be established 
that the right atrium and not only the right 
ventricle and pulmonary artery are opacified. 
This is of some differential importance since, 
with interventricular septal defect, only the 
right ventricle and pulmonary artery show 
persistent opacification or reopacification. 

As a consequence of the shunt the visualiza- 
tion of left ventricle and aorta is generally 
poor. The individual signs are well known and 
need not be described in detail or illustrated 
here. 


Direct Demonstration of Atrial Septal Patency 


In view of the considerations which have 
been discussed, it seemed to us that, by a 


modified technic, it might be possible to demo 
strate a direct spread of contrast substan 
from the right to the left atrium during t! 
first few heart cycles after the injection, 
respective of the direction of the interatri. 
shunt. We now wish to discuss the results «f 
our studies. 

Material and Results. A review of our m 
terial consisting of 150 certain or suspect: 
cases of congenital heart disease studied | y 
angiocardiography revealed that in 30 cas: s 
(20 per cent) the atrial septal patency has be« 
distinctly visualized. In many cases it has 
further been possible to make observation 
concerning the size, localization and path - 
physiology of the patency. 

In comparison it may be mentioned that in 
smaller series of 12 infants less than 2 years 
of age and without evidence of cardiovascular 
disease none showed evidence of atrial septal 
patency. 

Size of the Septal Patency. Despite the em- 
bryologic and anatomic interest one may find 
in the many different forms which atrial septal 
defects may display, the clinical importance of 
those defects depends, according to Roesler, 
not upon their form or their position but rather 
upon their size.” He suggested that only those 
defects which measure at least 1 cm. in diame- 
ter are clinically significant. Such a standard 
applied to infants and children would, how- 
ever, obviously be unsatisfactory because of 
the variable growth of the defect along with 
the growth of the heart, and, particularly, 
because it seems most reasonable to assume 
that clinical importance depends not so much 
upon actual size of the defect as upon its 
relative size, relative, that is, to heart size. 
In connection with this it may be pointed out 
that the size of the patency in the working 
heart probably is not constant. Several observa- 
tions we have made seem to show that the size 
of a defect can change during the heart cycle 
and that the opening is smallest at the height 
of atrial systole (fig. 5). 


l- 


It has been possible to recognize by angio 
cardiography the size of the patencies directly 
and thus to rule out—at least in most cases 
the possibility of the presence of a simple 
patency of the foramen ovale, or small anc 
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periaps clinically inconsequential septal de- 
fec's. 

ocalization. In most cases the left anterior 
ob ique view gives some information about the 
lo alization of the defect. The possibility that 
th: localization of the defect may occasion pe- 
cu iarities in the clinical picture has already 
be-n mentioned. 

Pathophysiology. If the pressure is higher in 
right atrium than in the left—for instance in 
cases associated with pulmonary stenosis 
the right-to-left shunt of dye is most marked 
during atrial systole; no prolonged opacifica- 


If there is a big shunt from left to right, the 
dilution of dye in the right atrium and ventricle 
through blood shunted from the left atrium 
becomes apparent in the series of pictures as 
long as the concentration of dye is much higher 
in the right than in the left atrium. 

It has been pointed out that the findings of 
persistent opacification (actually reopacifica- 
tion) of the right atrium, right ventricle and 
pulmonary arteries must be interpreted with 
extreme caution. Caution is particularly neces- 
sary if an angiocardiographic method used 
consists in making | to 2 exposures ner second 


Fig. 5. Demonstration of change in size of atrial septal defect in different phases of the heart cycle. 


Left anterior oblique position. 


b,: Beginning of atrial contraction; dye being shunted from right atrium into the left. b2: End of 


atrial contraction; left atrium is outlined, 
atrial diastole; left atrium is clearly opacified. 


tion or reopacification of the right atrium 
appears at the end of the examination. 

If the dye is shunted into the left atrium 
mainly during atrial diastole, it may be due to 
the existence of bidirectional shunt or a reversal 
of the shunt caused by the increased pressure 
in the right atrium incident to the injection of 
the contrast medium. This can be confirmed 
i.y later pictures of the series showing the shunt 

dye back from the left atrium into the right 
ainly during atrial systole. This shunt is 
agnosed either by a maintained opacification 
* the right heart or by a real reopacification. 
1 cases of open foramen ovale and small atrial 
‘ptal defects no such shunt of the dye from 
ft to right atrium will be seen. 


though indistinctly. 6;: End of the following 


in one projection only. The interpretation is, 
however, easier and can be more accurate if 
there is available for study a series of films in 
which are included synchronously recorded 
views in two projections and in which the 
interval between successive exposures is suffi- 
ciently brief to permit a continuous registra- 
tion of the passage of the dye through the 
heart. 

In pathologic cases in which the function 
of the right atrium is interfered with. systolic 
reflux of dye into the venae cavae is very com- 
mon (fig. 6). In cases of atrial septal defects 
with significant left-to-right shunt, reflux, most 
often into the inferior vena cava, is regularly 
seen. As the closure mechanism which sur- 





828 ATRIAL SEPTAL DEFECTS IN CHILDREN 


rounds the orifice of the inferior vena cava is 
the most delicate, it is the first to give way. 
With the simultaneously registered electro- 
cardiogram it is possible to exclude the retro- 


At this instant of the cardiac cycle, the orif.ce 
of the vena cava is closed and the dye is p:e. 
vented from entering the atrial cavity, ‘he 
result of this being that the venous tributar es 


Fig. 6. Angiocardiogram demonstrating the typical findings in a case of atrial septal defect with 
preponderant left to right shunt. Right and left anterior oblique positions. 


a,b;: End of atrial systole with reflux of dye down into the hepatic veins. Poor opacification of 
right atrium probably due to dilution with blood shunted from left atrium. a2b2: End of the following 
atrial diastole. The atrium is heavily contrast-filled and a small amount of dye is shunted into the 
left atrium through a septal defect (b2). a3b;: 2.5 seconds later. In spite of the fact that no dye any 
longer enters the right atrium through the inferior caval vein, the right side of the heart is still well 
opacified (b;), aorta poorly contrast-filled. In a; the right atrium is still visualized, indicating a left 


to right shunt. 


grade filling of the venae cavae caused by 
forceful injection of dye, which may be ob- 
served in normal patients and has no pathologic 
significance. This usually occurs during atrial 
diastole, when the atrium has become over- 
loaded with contrast medium. A retrograde 
filling simulating a real reflux can also occur if 
vigorous injection causes the dye to reach the 
junction of the vena cava and atrium in systole. 


of the vena cava become filled in retrograde 
fashion with the contrast medium. 


SUMMARY 


The clinical importance of atrial septal de 
fects is pointed out. It is recalled that angio 
cardiography has previously been considere: 
of relatively little help in the diagnosis of thi 
malformation. Studies are reported which shov 
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ths! the fault has been with the technic of its 
application rather than with the method 
its lf. The positive diagnostic value of a right- 
to- eft shunt which can be demonstrated by a 
sp cial angiocardiographic technic is stressed. 


SuMARIO EspaNou 


efectos del septo atrial en nifos han sido 
‘iminados por medio de una técnica angio- 
‘a diografica que permite conclusiones concer- 
i-ntes a la dindmica del corazén. Este método 
nbina fotografia sincrona biplana a una ve- 
‘idad de 10 a 12 placas por segundo con 
electrocardiograma simultaneo. 
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Transposition of the Great Vessels 


By Joun D. Werrn, M.D., C. A. Netti, M.D., M.R.C.P. (London), Peter Vuap, M.D., 


R. D. Rowe, M.B., M.R.C.P.(L), anp A. L. Cuute, M.D., F.R.C.P.(C) 


The vast majority of cases of transposition of the great vessels can be diagnosed in the first few 


weeks of life with electrocardiogram, x-ray and fluoroscope. The clinical pattern and the diagnostic 
features are described in detail. The degree of cyanosis, the characteristic heart shape and pro- 
gressive increase in size coupled with generous hilar shadows all suggest this diagnosis. A new 


FTER the tetralogy of Fallot, transposi- 
tion of the great vessels appears to be 
the leading cause of death in congenital 

heart disease. This has not been generally ap- 

preciated since most authors refer to complete 
transposition of the vessels as a somewhat rare 
malformation. Kato® reviewed the literature 
up to 1930 and reported five cases of his own. 

Hanlon and Blalock! brought the total collected 

in the literature up to 123 by their paper in 

1948. More recently Astley and Parsons? (1952) 

reported 30 cases from the Childrens’ Hospital 

in Birmingham. 

Reviewing the postmortem records of the 
past 10 years at the Hospital for Sick Children 
in Toronto, we have been able to collect 62 
cases. Gardiner and Keith* recorded it as the 
second leading cause of death from congenital 
malformation of the heart in the Cardiac 
Registry reported in 1950. In this Registry 
it will be noted that approximately one-seventh 
of the cases dying of congenital heart disease 
had this defect. Thus throughout Canada one 
might estimate there are approximately 100 
deaths from this cause each year. In the United 
States of America there would be 10 times as 
many. 

Both because of its relative prevalence and 
its high mortality it thus assumes a role of 
importance in the field of congenital heart 
disease, and it is of general interest to study 
the pathology, diagnosis and possible surgical 
cure. Kerley® indicated that the diagnosis was 
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suggestion is made regarding possible surgical therapy using an extracorporeal circulation. 





difficult during life without angiocardiograpiy, 
In other congenital defects familiarity with ‘he 
clinical details has lead to accurate diagnosis 
with relative ease in most instances, and we 
believe the same may soon be said of transposi- 
tion of the great vessels. 


PATHOLOGY 


Among the 62 cases which have come to 
postmortem examination at the Hospital for 
Sick Children and which could be classified 
as complete transposition of the great vessels 
there are 18 that belong in a somewhat separate 
category. The hearts in five of these are now 
referred to as Taussig heart. In eight cases 
there was a single ventricle and they thus pre- 
sented a different clinical picture. In one the 
tricuspid valve was over-riding both ventricles 
and in two there was pulmonary stenosis or 
hypoplasia with the transposition. There were 
two cases with tricuspid atresia as an associated 
defect. This leaves 47 that have come to the 
postmortem table with transposition of the 
great vessels. The pulmonary artery arose from 
the left ventricle and the aorta from the right 
ventricle. Three of these cases appeared at 
first glance to be identical with the others but 
on detailed examination slight over-riding of 
the aorta was considered to be present. Thus 
44 cases of complete transposition of the great 
vessels were available for detailed study and 
the following report is based on them. 


A Summary of the Postmortem Findings Is As 
Follows: 


The foramen ovale was patent in all cases 
examined at postmortem examination. A» 
auricular septal defect was present in tw) 
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inst unces. A ventricular septal defect was found 
in '8 cases and a patent ductus arteriosus in 
25. One had a minor mitral valve anomaly 
wh ch did not interfere with normal function. 
Thse defects were all relatively minor in 
the r size and type except for one very large 
vel tricular septal defect. There were four 
cases that showed major defects. These in- 
eluded one with situs inversus, two with in- 
fantile coarctation of the aorta. Thus the 


Normal Trensverse Diamete 
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Age in Months 


Fic. 1. X-ray transverse diameter of the heart in 
transposition of great vessels, by age. 


majority of cases had relatively unimportant 
associated defects and if they had not had their 
great vessels transposed would have been able 
to lead a normal life. 

A comparison of the heart weights and x-ray 
measurements indicated a greater degree of 
hypertrophy than could be appreciated by 
x-ray study alone. The heart enlarged rapidly 
after birth and usually attained a weight that 
was about twice normal within four to six 
weeks. The transverse diameter as shown by 
x-ray films increased during the first two 
months of life but did not portray the great 
increase in heart weight that was in progress 
concurrently. The transverse diameters are 
ompared with a normal average in figure 1. 

The position of the coronary vessels on the 

rta is important in considering possible 
- gical procedures. In 37 cases the coronaries 
ere dissected. The right coronary was found 

» arise behind the posterior cusp in all but 
‘ree instances. In these three it arose from 
ehind the left’ anterior cusp. The left coronary 


arose from behind the left anterior cusp in all 
but three instances; in them it appeared behind 
the posterior cusp. These findings are depicted 
in figure 2. The practical significance of these 
observations is that in transposition of the 
great vessels both the coronaries arise in close 
proximity to the pulmonary artery in such a 
way that it is possible to transpose them to 
the other great vessel. 


SITUATION of the AORTIC CUSPS 
- 
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Fia. 2. The situation of the origin of the coronary 
vessels in transposition of the great vessels is com- 
pared with the arrangement in normal hearts. 


Normal Heart 








CLINICAL FINDINGS 


If operative therapy is to have a place in 
transposition of the great vessels an early and 
accurate diagnosis will be needed. Taussig® 
pioneered in this field and showed that the 
diagnosis could be made during life in many 
cases. Increasing familiarity with the clinical 
and postmortem picture has added to our diag- 
nostic criteria and we have found the following 
facts to be useful: age, degree of cyanosis, 
presence of dyspnea, heart size and shape, 
hilar shadowing and the angiogram. The follow- 
ing diagnostic criteria are based on clinical 
findings of 44 cases that have had the diagnosis 
verified at postmortem examination. 

It will be noted in the accompanying chart 
that the average age at death in our series was 
3 months. (See fig. 3.) There were 22 under 1 
month, 16 between 1 and 6 months, and 6 cases 
over 6 months of age. Thus one is dealing with 
a severe congenital defect of the heart in the 
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early months of life. It is of considerable in- 
terest that of 44 cases there were 31 males 
and only 13 females. 

The second diagnostic point is cyanosis. 
Out of 33 of 44 who had cyanosis noted at 
birth, in 11 it was not obvious enough to at- 
tract the attention of the attending doctor, 
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Fic. 3. Age at death in 44 cases of transposition of 
the great vessels. 
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Fig. 4. Arterial oxygen saturation per cent by ear 
oximeter in J. B., age 5 weeks, with complete trans- 
position of the great vessels. The variation in oxygen 
saturation over a period of approximately one hour 
is shown. 


but it usually became noticeable in the nursery 
when the baby cried in the first few days of 
life. All cases thus showed cyanosis. It is of 
diagnostic importance that the cyanosis is 
marked; much more severe than in most 
cases of tetralogy of Fallot at the same age. 
We have determined the oxygen content of 
the arterial blood by oximeter in seven cases 


TRANSPOSITION OF GREAT VESSELS 





and the saturation varied between 20 snd 
65 per cent; crying brought it to an extremely 
low level. The percentage saturation will v wry 
considerably over a period of one hour a. js 
shown in the accompanying chart (fig. 4 

When over-riding of the aorta occurs or 
when a Taussig heart is present the baby may 
be much less cyanotic. Then the arterial oxy “en 
saturation will usually vary between 50 «nd 
80 per cent. 

The question of heart murmurs did not prove 
as sterile as was anticipated. There were 28 
out of 44 that had a systolic murmur over he 





Fia. 5. Case P. F. Transposition of the great vessels. 
X-ray of heart taken at 4 months of age. 


precordium. Fourteen had no murmur and in 
one case the presence or absence of a murmur 
was not known. There were 18 cases that had 
a ventricular septal defect and 13 of these had 
a systolic murmur over the precordium. There 
were 14 cases without a systolic murmur and 
only two of these had a ventricular septal de- 
fect and one of these died at 5 days of age. 
Twenty-six had no ventricular septal defect 
and of these eight had systolic murmurs. 
From these facts there are two points of value 
in considering murmurs. The first is that one- 
third of these babies with transposition of the 
great vessels had no murmurs and thus thc 
absence of murmurs is of some significance i. 
making a diagnosis. The second point is the! 
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if . murmur is not present it is unlikely that 
on? is dealing with an associated ventricular 
se tal defect. 

The x-ray is a most useful tool in making a 
diignosis. At birth the heart in transposition 
of the great vessels is close to normal in size 
ard shape as is shown in figure 6. After three 
tc four weeks of life a characteristic shape and 


Case | 


CG 233/46 PM-No VSD, PFO, PDA : 


> EH 18/52 


36 
10. 
3 days t 10 weeks 
RO 44/52 cece 


PM- Low VSD, PFO, CDA. 


Case 6 
HS HSN HS 3+ 
53 1o. 
9.9 14 
4 days 13 Ya months 
KH 360/49 PM- No VSD, PFO, CDA. 


WB 252/48 PM- No VSD, PFO, POA. y :JB 296/51 eae 


Case 2 
HS I+ HS N-I+ HS. I+ HS 2+ HS 2+ 
60 nS 
iss 10 10.2 
| day 4 day 2 days 10 days days i 
1M 


GB. 373/49 _ 


Coxe 3 
HS'N HSN HS:N-1+ HS 3+ 
days 3 days 2 weeks 3 months 
f=} 


Case5 


HS? 
os 
3 days 


D1! 158/47 


HS :2-3+ 
a 
101 
5 weeks 


PM VSD, PFO, CDA. eee 


Case 8 Case 9. 
HS:2+ HS 3+ HS I+ 
62 28 
101 12.3 
6 weeks 6 months ‘ 4 weeks 


monary artery is posteriorly placed the great 
vessel area is thus narrowed in the antero- 
posterior view and widened in the left anterior 
oblique view. This approach to diagnosis is 
most useful at birth since later when the left 
ventricle has hypertrophied it often enlarges 
upwards to the point of obscuring the pul- 
monary artery in either the anteroposterior or 


.“Smat! VSD, PFO,CDA * 


M- No VSD, PFO, CDA 


HS 3+ 
es os 
20 days 33 days 4 


PM-No VSD, CDA. PFO 


Case 7. 


HSIi+ 


7 days 
: RW 61/5! 


‘Case lO. 
HS:3+ 


PM se So: PFO, PDA : 


HS3+ 
2 months 


PM- “No VSD, FO'NK, PDA.: 


172 month 


i KH. : 1: ee 


Fig. 6. Tracings from serial x-ray Sten at different ages are shown in 10 cases of complete transposi- 
tion of the great vessels. The relatively rapid increase in size is shown as well as the development of 
the characteristic shape. The associated defects are indicated in each case as follows: P.M. post 


mortem; V.S.D., ventricular septal defect; 


“ppearance has usually emerged. (See fig. 5.) 
‘he heart becomes enlarged to a considerable 
cegree to both right and left. The left cardiac 
urface assumes a convex border (the opposite 
i tetralogy of Fallot) and the apex points 
own and out. The left border can be readily 
1own at postmortem examination as com- 
osed of the left ventricle. The shoulder of the 
ft ventricle comes up to the area where one 
xpects to see the pulmonary artery. Taussig® 
‘as shown that since in many cases the pul- 


P.F.O., 


arteriosus; C.D.A., closed ductus arteriosus; N.K. 


patent foramen ovale; P.D.A. patent ductus 


, not known. 


the lateral views. The narrow neck is then due 
to the tip of the arch of the aorta with the 
vertebral column above it. The pulmonary 
artery is buried in the cardiac shadow below 
the aorta and below the point where the left 
cardiac border meets the great vessel or supra- 
cardiac shadow. 

Another diagnostic point is the relatively 
rapid enlargement of the heart after 3 to 4 
weeks. This is shown in figure 6; case 4 is a 
good example. At the age of 3 days the heart 
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appears about normal size. At the age of 2 
months it has enlarged considerably and at 10 
weeks it is larger again. The postmortem heart 
weights confirm this increase in size and demon- 
strate that the gain in weight is actually greater 





than is indicated by the changes in x-ray films. 

An enlarged heart was noted in 33 of the 36 
cases whose x-ray films were available for study. 
Diagrammatic outlines of these hearts after 
the manner of Astley and Parsons are shown in 
the accompanying chart (fig. 7). There is a 
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2M-VSD, PFO,PDA, Pulm 
Hypoplasia ¢ Stenosis 
BG.1/S2))_ B hours. 


RM-No VSD, PFO, PDA) 
BG. 308/48 12 hours. 


65 
10.1 






2M.-No VSD, PFO, PDA? 
Anomalous mitral 





PM.-Small VSD,PFO, PDA. 


GC. BO/S! | week BS. 74/50 10 days’ 


M.-No VSD, PFO, 
T closed DA 
3-1.179/49 | month 


HS 
HS 1-24 2+ 
9 
" 9 
(=) 


PM.- Smat! VSD, PFO, PDA, 
JB. 201/48 2 months 


PM- PFO 
F.B. 132/50 Sweeks 












alo 
wis 


M.-No VSD, PFO, 
PDA 
K.C 27/52 9 weeks. 


similar pattern in most which, taken with the 
age of the baby and the marked cyanosis, is 
highly suggestive of transposition of the great 
vessels. There are a few other conditions such 
as abnormal venous return, Taussig heart or 
Eisenmenger’s complex with marked dextra- 
position of the aorta that may simulate com- 
plete transposition of the great vessels. How- 
ever such cases usually live longer, are less 
cyanotic and reveal a different angiocardio- 
graphic pattern. 

The x-ray reveals one other diagnostic point 
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M-No VSD, PFO. PM.- Small VS 
BM. 93/50 3 days. 

















PM. -No VSD, PFO, PDA, 
valve RC. 34/51 


HS 2+ 
8.3 
12.6 


Fic. 7. Figures 6 and 7 show the x-ray silhouettes of 29 cases of complete transposition of the 
great vessels and illustrate the relatively common typical pattern described above. 








very well. The hilar shadows are increased ii 
90 per cent of cases and thus help to distinguis} 
transposition from tetralogy of Fallot an 
other conditions associated with diminishe: 
hilar markings. The hilar shadows may b 
described as 1 to 3 plus; they are not usuall: 
as great as in the Taussig heart or in heart 
with advanced grades of Eisenmenger’s com 
plex. We have done catheterization of the 
heart in several cases. In one all four chamber: 
of the heart were entered. The pressure re 


HS:N 
54 6 
1O5 10.4 





RM.-No VSD, PFO, No 


>D, PFO, 
PDA, 
DM. 121/50 I week 


closed DA. 


BC.19/46 7 days. 


HSN 






6.8 38 
i? 104 











PM. - No VSD, PFO, PDA, 
BB. 187/SO 2 weeks. 


PM.- No VSD, PFO, PDA 


12 days. PM. 38/50 3 weeks 


HS:2+ 
6.1 
14 


















PM.- Smal! VSD, PFO, PDA, 
J.B. 85/52 6 weeks. 


RM. -No VSD, PFO, closed 
W.M. 330/48 8 weeks 





DA 






w 


103 
14.4 


RM.-Smali VSD, PFO, 
closed DA, narrow PA’ 
PF, 256/47 4Y2months 


P.M.-Smail VSD, PFO, PDA 
AL. 177/50 16 months 






corded in the right ventricle was as 1100; 
in the left ventricle it was 67/0. Thus the 
pressure in the left ventricle, while raised, is 
not up to the systemic and therefore does no 
produce as large hilar shadows as are presen 
with a Taussig heart or in an Eisenmenger’ 
complex nor is pulsation as readily noticeable 
In the first year of life one can easily discer 
hilar pulsations in complete transposition o 
the great vessels. 

Angiocardiography was carried out in 1s 
vases. It added to the diagnostic clarity in 1% 
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ses in Which it was performed in the left 

lique or lateral position. The aorta could be 

en clearly coming off the right ventricle in a 
osition farther to the right and more anteri- 
.vly placed than in the normal heart or in the 
‘tralogy of Fallot. This is demonstrated in 
cure 8. The postmortem specimen is shown 
eside the angiocardiogram. 

When the baby is quite cyanosed and the 
-ray and fluoroscopic appearance of the heart 


AOR i f . are 


transposed. The left auricle may fill quickly but 
it is difficult to tell whether this is through an 
auricular septal defect or the foramen ovale 
which is invariably patent. Most ordinary 
ventricular septal defects are small (usually 
less than 0.5 em.) in infants with transposition 
of the great vessels and do not show in the 
angiocardiogram. There are, however, a few 
infants, usually less cyanotic than the rest, 
who have the aorta over-riding both ventricles 


Fic. 8. W. M. aged 8 weeks. Angiogram on the left shows the aorta coming clearly off the right ven- 
tricle. The same heart is shown post mortem and reveals the transposed great vessels. 


‘re characteristic, the diagnosis is usually not 
‘'n doubt. The angiocardiogram is probably of 
most use in studying the cases with only moder- 
te cyanosis or those whose cardiac silhouettes 
ire not typical. In the series reported here such 
roblem cases were the exception rather than 
he rule but when they did occur the angio- 
ardiogram was useful. 

With angiocardiography it is usually difficult 
0 demonstrate clearly the associated defects 
hat may occur when the great vessels are 


to a sufficient degree to show simultaneous 
filling of the aorta and pulmonary artery. Here 
the aorta fills prominently early and the pul- 
monary artery less prominently and a little 
later. In the Taussig heart the aorta fills in the 
way usual in transposition but the pulmonary 
artery may be seen to over-ride both ventricles. 

The angiocardiogram is useful in the problem 
cases but even there it does not always clarify 
all the anatomic details one is searching for. 

The electrocardiograms were available in 
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30 of 50 cases and all showed right axis devia- 
tion. In six cases precordial leads had been 
taken and these showed right ventricular hyper- 
trophy with some balanced hypertrophy of both 
ventricles. Such changes were within normal 
limits in the first month or two of life but as 
the age increased the right ventricular hyper- 
trophy became more noticeably abnormal. 

In the differential diagnosis of cyanosis at 
birth there are many infants with cyanosis due 
to atelectasis. At times it may be difficult to 
tell them apart from those with transposition 
of the great vessels, especially in the first few 
days of life. One useful point is the deepening 
of cyanosis with crying in infants with trans- 
position. Infants who show cyanosis with 
atelectasis may show a decrease of cyanosis 
with crying. The administration of oxygen 
relieves the cyanosis of those with transposition 
to a moderate degree only, while cyanosis due 
to atelectasis is markedly improved by oxygen. 


PossIBLE CORRECTION OF TRANSPOSITION 
OF THE GREAT VESSELS 


Blalock! has done a good deal of pioneer 
surgery in the field of transposition of the 
great vessels and in a recent publication lists 
12 methods of attempting to improve the 
circulation in these babies. The procedure that 
he found most effective was a combination of 
two operations carried out at the same time. 
One transposed the subclavian artery to a 
branch of the right pulmonary and the second 
produced an auricular septal defect. With 
these procedures the patients were more likely 
to survive the operation and be somewhat im- 
proved following it. The arterial oxygen satura- 
tion did not show any significant rise in most 
vases and in others increased only 10 to 20 
per cent so that the results were not considered 
highly satisfactory, not nearly as satisfactory 
as those produced by the Blalock-Taussig 
operation in the tetralogy of Fallot. 

Most of the attempts at corrective surgery 
have thus been aimed primarily at transposing 
the venous return. An auricular septal defect 
increases the cross circulation but to attempt 
to transpose the great veins entering the heart 
with the pulmonary veins would lead the 
surgeon into several major difficulties. 


TRANSPOSITION OF GREAT VESSELS 





In some respects it would appear simpler to 
transpose the arterial trunks since there are 
only two of these and since they are placed sile 
by side. However two major problems ari-e, 
First that of maintaining the circulation to te 
rest of the body during the procedure aid 
second that of providing a sufficient blood 
flow to the coronary arteries. 

Mustard and Chute* have devised an ar i- 
ficial heart-lung preparation that aerates tiie 
blood with the lungs of monkeys and e:n 
effectively maintain the circulation without t!ie 
heart functioning as the pump. It was suy- 
gested to them that transposition of the gre:t 
vessels would be a suitable problem to tackie 
with this apparatus since practically all of 
these infants die in the first few months of 
life, thus justifying somewhat heroic surgery. 

Four infants with transposition of the great 
vessels have had their circulation maintained 
on the heart-lung machine for periods of 10 
minutes to 5 hours. Adequate oxygen content 
and blood pressures were maintained. 

To transfer the great vessels requires cutting 
them near their origin and then suturing them 
on to their proper ventricles. As soon as the 
aorta is cut it becomes necessary to maintain 
the coronary circulation. (If the heart is al- 
lowed to stop beating and no coronary circula- 
tion is maintained it is likely to fibrillate and 
when the circulation is re-established the heart 
cannot adequately maintain the circulation.) 
With this in mind two small cannulas were 
prepared which can be inserted into the 
mouths of the coronary vessels and a sufficient 
blood flow kept up to supply the needs of the 
heart muscle at rest and out of the circulation. 

The position of the coronary arteries as they 
arise from the aorta is in close proximity to the 
pulmonary artery and this permits transposing 
either one or both of the coronary arteries at 
the time the great vessels are surgically tran:- 
posed. This would not always be so in the 
normal heart where the right coronary may 
arise a considerable distance from the pu'- 
monary artery. 

A retransposition operation has been at- 
tempted on four cases. Details are being pr 
sented by Mustard and co-workers in a sepa 
rate publication. These patients have all die« 
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Jicating that there are several major diffi- 

‘ies to surmount if this approach is to be 

1 cessful but since it offers some promise the 
iit of one case will be referred to here. 

B., who had signs indicating complete 
usposition of the great vessels, was operated 
in Mareh 1952. The left femoral vein and 

ery and left jugular vein were cannulated 
| joined to the artificial heart-lung prepara- 
n. A continuous reading was recorded on the 
meter and is shown in the accompanying 
ure 9. 


| 


conditions with aorta coming off the left ven- 
tricle and pulmonary artery off the right ven- 
tricle, but the heart beat was not strong enough 
to maintain the circulation without the help 
of the heart-lung preparation. At point X 
on figure 9 the circulation was thrust upon 
the babies heart alone and fibrillation oc- 
curred. The heart finally stopped altogether. 

The attempts at surgical correction of trans- 
position of the great vessels are being reported 
elsewhere by Mustard and co-workers. Many 
problems need further study and elaboration. 


| OPERATION FOR TRANSPOSED GREAT VESSELS 
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Fic. 9. This figure shows the percentage saturation of arterial blood by ear oximeter on baby 
J. B. aged 6 weeks. The great vessels were retransposed and the heart continued to beat for two hours 
afterwards but was unable to maintain the circulation by itself without the aid of the artificial pump. 


In figure 9 the rise in oxygen is shown when 
the anesthetic was started and the baby asleep 
and completely relaxed. Another point of note 
in the oximetry curve is when the artificial 
heart-lung preparation takes over the circula- 
tion. Here the oxygen rises to approximately 
100 per cent. At this time the aorta and pul- 
monary artery were clamped at their bases 
aud then transposed to their proper ventricles. 

‘uring this time the oxygen saturation con- 

ued at 100 per cent. When this procedure 

is completed and the left coronary only had 

‘n dissected out and transferred under the 

ta to the left ventricle, the clamps were 

‘n removed and the blood allowed to circulate 

‘ough the retransposed vessels. 

"he heart beat fairly well under the new 


These include the technic of transposing the 
coronary vessels; the type of suturing used to 
implant these in the wall of the transposed 
vessel; the maintenance of adequate coronary 
circulation during the procedure; the control 
of bleeding at the site of the suture line after 
vessel transfer is completed. The present re- 
port is presented as a discussion of the pa- 
thology underlying the conception of trans- 
posing the arteries to their proper ventricles 
and special stress is placed on the early and 
accurate diagnosis of this severe and commonly 
fatal congenital anomaly. 


SUMMARY 


Familiarity with clinical and postmortem 
findings in complete transposition of the great 
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vessels now makes diagnosis possible in the 
vast majority of cases during life. One usually 
finds a baby in the first few weeks of life who 
has been markedly cyanotic since birth. The 
chances are two to one that it is a boy. He is 
underdeveloped and the gain in weight has 
been slow. A third of these babies have no 
murmur when examined. In all the electro- 
sardiogram shows right axis deviation. An 
x-ray film of the heart shows a relatively 
normal contour at birth, but three or four 
weeks later there is a fairly characteristic 
shape. The heart by that time is enlarged to 
both right and left and there is a convex left 
border. The great-vessel area appears narrow 
in the anteroposterior view. The hilar shadows 
are increased. Angiocardiography shows the 
aorta coming clearly off the right ventricle. 
Sometimes this procedure may outline the 
pulmonary artery as well and aid in determin- 
ing the presence or absence of associated de- 
fects. These diagnostic criteria have proved 
very satisfactory and the high natural mortality 
permits one to check the diagnosis frequently. 

Operative technics for this condition have 
been mainly directed to the venous return. 
It is now suggested that transposing the ar- 
terial trunks to their proper ventricles might 
prove to be a more satisfactory procedure. To 
carry this out an artificial heart and lung prepa- 
ration is necessary. Furthermore the coronary 
circulation must be maintained during the 
procedure and carried over with the aorta to 
the proper ventricle. Recent work by Mustard 
and Chute‘ suggests that this procedure may 
be feasible. 
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SuMARIO EspaNou 


La gran mayoria de los casos de transposicic 


de los grandes vasos pueden ser diagnésticadis 
en las primeras semanas de vida con el electr« - 
-ardiograma, radiografia y el fluoroscopio. } | 
cuadro clinico y los puntos diagndésticos 
describen en detalle. El grado de cianosis, 
silueta cardiaca caracteristica y el progresiv» 
incremento en tamafo acompaiado de sombris 
de hilio aumentadas sugieren este diagnéstic«. 
Una nueva sugerencia se hace en cuanto «| 
posible tratamiento quirtirgico usando circul:- 
cidn extracorporea. 
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The Significance of Changes in Amplitude of 
the First Heart Sound in Children with 
A-V Block 


By Martin A. Suearn, M.D., EvizaBperu Tarr, M.D., ano Davin A. Rytanp, M.D. 


Curves which relate the peak intensity of the first heart sound to the P—R interval have been ob- 
tained from seven children with complete A-V block. The first sound is accentuated with short 
P-R intervals, becomes faint when the P-R interval is in the neighborhood of 0.20 to 0.30 second, 
and becomes loud again with relatively long P—R intervals. Repeated observations over a number of 
vears demonstrated the effects of growth and aging on these phenomena. The data appear to in- 
dicate that the variable intensity of the first sound in complete A-V block is related to the position 
of the mitral valve at the time of ventricular systole. 


LTHOUGH the variable intensity of 
the first heart sound in complete A-V 
block has been recognized for years, 
the mechanism of this phenomenon is still 
not thoroughly understood. Previous studies!: * 
have suggested that a semiquantitative method 
of analysis of the amplitude of the first sound 
in relation to the P-R interval might yield 
information in this connection. In the present 
report this method has been used in a group of 
children with complete A-V heart block. There 
ure several advantages in using children in- 
stead of adults for such a study. In our ex- 
perience, auricular sounds are usually absent 
in children, and, therefore, need not be con- 
sidered as a cause for accentuation of the first 
heart sound. Also, in children with A-V block, 
there is regularly a secondary zone of intensifi- 
cation of the first heart sound associated with 
long P-R intervals, a phenomenon which is 
not present ordinarily in adults. Finally, by 
repeated study over a number of years, the 
effect of growth and aging on the character of 
the first heart sound may be assessed. 


Mernop 


Phonocardiograms from the cardiac apex were 
re-orded in recumbency during quiet respiration in 
se en ambulatory children aged 4 to 20 years with 
ec nplete heart block. For this purpose, a Sanborn 
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Tribeam Stethocardiette was employed. In each 
child there was a history which suggested the con- 
genital origin of the heart block. One child (case 7) 
had tetralogy of Fallot, a second (case 5) had cor 
triloculare biatriatum with dextrocardia, and the 
remaining five were diagnosed as having inter- 
ventricular septal defects. Congestive failure was 
present in none of the children at the time of exam- 
ination. One child was studied on three occasions, 
spanning a 10-year period, two other children were 
studied twice, and the remaining four were observed 
once. 

The P-R intervals in consecutive ventricular cy- 
cles were measured on each record and _ plotted 
against the peak amplitude of the corresponding 
first heart sound in arbitrary units. The peak ampli- 
tude was used for this purpose because of its ease 
of measurement and because it correlates well with 
the loudness on auscultation.’: 4 In all, 985 cycles 
were studied, an average of 90 cycles for each record. 


OBSERVATIONS 


The results are presented in figures 1 through 
7 and the pertinent facts summarized in table 
1. The dots indicate for each cycle the relation- 
ship of the peak amplitude of the first sound 
to the time interval between the onset of the 
corresponding QRS complex and that of the 
P wave preceding it. Where a P wave was so 
situated that the first sound could have been 
interpreted as being associated either with a 
long P—R or a short R-—P interval, both cycles 
are plotted; a horizontal line is used to repre- 
sent the relationship for the long P-R and a 
vertical line for the short R—P interval. When 
two or more dots occurred with identical P-R 


Circulation, Volume VIT. June, 1953 





840 CHANGES IN AMPLITUDE OF FIRST HEART SOUND 


intervals, the mean of the observations was 
calculated and designated by a circle. The 
circles were then used as guides in drawing the 
curves. As a check on reproducibility of results, 
two separate observations in one patient on the 
same day were plotted and proved to be es- 
sentially identical. 

Examination of figures 1 to 7 discloses a 
marked similarity in the pattern of all the 
curves. Figures 1 to 3 show that this similarity 
is most striking for any one patient, with the 
curves retaining a high degree of “‘personality”’ 
over a number of years. The greatest change 
in shape of the curve for any one individual 
occurs during the rapid growth phase of early 


only partially due to variation of sound trai:s- 
mission through variably inflated lungs. 

In most patients with A-V block the fist 
heart sound is accentuated in connection w th 
P-R intervals in the neighborhood of 0.10 
second. The amplitude of the sound then « e- 
clines abruptly as the P-R interval lengthc :is 
and reaches a minimum at intervals of abc ut 
0.20 second. In elderly adults, as the P R 
interval increases further, the amplitude of the 
first sound remains small,’ whereas in children 
a secondary increase in amplitude exists wi'h 
P-R intervals of 0.25 second or longer. Duriig 
this secondary zone of accentuation the pe:ik 
amplitude of the first sound approaches aid 


TaBLeE 1.—Data Concerning Seven Patients with Complete A-V Block 


Age Weight Number of 
Yrs.) Kg.) Cycles 


P-P R-R 


15 81 .O2 
186 .66 
137 .80 

38 85 
80 81 
111 .63 
102 .70 
50 .84 
50 .58 
100 .92 
50 .80 


childhood in case 1, but even here the altera- 
tion is more a quantitative than a qualitative 
one. Similar curves obtained elsewhere! for 
young people with A-V heart block also demon- 
strated slight variations from one individual 
to another, while such curves for most elderly 
patients with A-V block? look alike. 
Surprisingly little scatter is present in most 
of the figures. Case 6, however, is an exception 
and for that reason we refrained from con- 
structing a curve in this case. In cases 1, 5, and 
7, it appears that the data at long P-R in- 
tervals are best fit by two or even three (case 1) 
segments of curves. Further examination of the 
records failed to reveal the cause for such di- 
vergence. It is suspected that this may be of 
respiratory origin, effected chiefly through the 
influence of respiration on cardiodynamics and 
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occasionally exceeds (cases 2a, 6, and 7) the 
intensity of the sounds recorded in the primary 
zone. Between the two zones of accentuation 
the amplitude of the first heart sound is not 
“normal,” but is actually considerably below 
that which accompanies P-R intervals in the 
usual range. 

It was observed by Wolferth and Margolies* 
that accentuated first heart sounds occasionally 
occur in cycles with short R-P intervals. Thus, 
it might appear at first glance that the in- 
creased amplitude is in some way related ‘o 
the short R-P interval, although it should be 
obvious that accentuation could scarely be tlie 
result of auricular systole which has not yet 
occurred. The explanation of this phenoment 
is found in the secondary zone of intensificatic 
of the preceding cycle. In instances in which 
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the P-R interval corresponding with the time 
of onset of the secondary zone is much shorter 
thin the P-P interval, it is apparent at once 
th: | the succeeding auricular cycle could play 
no part in the phenomenon of sound intensifica- 
tio. This is the situation in case 1, where the 
on-et of the secondary zone in the three ob- 
sei vations accompanies P-R intervals of 0.25 
to 0.36 second with P-P intervals of 0.52 to 
(.s0 second. A similar relationship obtains in 
case 2, and it is therefore highly unlikely that 
an error of interpretation would occur in cases 
| and 2. This is not so in case 3, however, where 
the onset of the secondary zone occurs with 
P-R intervals only a little shorter than the 
P- P intervals. Figures 3a and 3b illustrate how 
this late secondary rise (represented by the 
broken line) immediately precedes the primary 
zone of accentuation of the next cycle, so that 
it might appear as if the accentuated sound 
were related to the negative P-R (R-P) in- 
terval. 

There appears to be a relationship between 
growth and aging of the subject and the onset 
of the secondary zone; that is, with passage 
of time, the secondary zone appears at pro- 
gressively longer P—R intervals. 

In elderly patients with complete A-V block 
the secondary zone is most often absent; it was 
present in only one of the patients studied in 
a previous report.? We have recently seen a 
55 year old man with complete heart block 
which was first noted during the course of 
mumps, in whom a secondary zone, with late 
onset (0.6 second), was present. Of a total of 
13 elderly patients, with the exception of these 
two, the curves for elderly patients with com- 
plete heart block are dissimilar from those of 
children with respect to the secondary zone 
of aeccentuation. The delay in the appearance 
1 the secondary zone with aging is readily seen 
in the observations in case 1, in which the P-R 
in'erval associated with the onset of the 

‘ondary zone increased from 0.25 second to 

7 second at the ages of 4 and 14 years, 
pectively. Figure 8 shows the relationship 
the onset of the secondary zone to both 
ight and age in the 11 observations. In view 

| the fact that the point taken to represent 
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Fig. 1. Relationship between peak amplitude of 
first heart sound, in arbitrary units, and P-R inter- 
val in seconds. Each dot represents one cycle. (a) 
Case 1, age 4 years. (b) Case 1, age 9 years. (c) Case 
1, age 14 years. 
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Fic. 2. Relationship between peak amplitude of first heart sound, in arbitrary units, and P-R 
interval in seconds. Each dot represents one cycle. (a) Case 2, age 15 years. (b) Case 2, age 20 vears. 
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Fic. 3. Relationship between peak amplitude of 
first heart sound, in arbitrary units, and P-R inter- 
val in seconds. Each dot represents one cycle. (a) 
Case 3, age 16 vears. (b) Case 3, age 19 years. 
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Fic. 4. Relationship between peak amplitude of 
first heart sound, in arbitrary units, and P-R interval 
in seconds. Each dot represents one cycle. Case 4, 
age 5 years. 


the onset of the secondary zone is at best an 
estimate, we feel it is not worthwhile subject- 
ing the data to statistical analysis. The data in 
figure 8, however, disclose that a better re- 
lationship exists for age than for weight 

With regard to the P—R interval correspond- 
ing to the primary zone of intensification, the 
data reveal no appreciable difference in tie 
various age groups. A range of 0.06 to 0.'3 
second is encountered, with a mean of 0.09 
second. This may be compared with a ran:e 
of 0.09 to 0.14 second for a similar relationsh p 
noted in elderly patients with complete A-\ 
block.? 
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first heart sound, in arbitrary units, and P-R interval 
in seconds. Each dot represents one cycle. Case 5, 
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Fic. 6. Relationship between peak amplitude of 
first heart sound, in arbitrary units, and P-R interval 


in seconds. Each dot represents one cycle. Case 6, 
age 13 years. 


The P-R interval which occurs at the junc- 
tion of the zone of primary accentuation with 
that of minimal intensity of the first heart 
sound varies but little in the cases studied. 
‘The range is from 0.18 to 0.28 second and 
ti ere is little if any relationship to either age 
0 weight. 


DIscussION 


several theories have been advanced in ex- 
p mation of the varying intensity of the first 
l art sound. It is held by some’ that accentua- 
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Fig. 7. Relationship between peak amplitude of 
first heart sound, in arbitrary units, and P-R interval 
in seconds. Hach dot represents one cycle. Case 7, 
age 19 years. 
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Fig. 8. The relationship between the onset of the 
secondary zone of accentuation and both age and 
weight in 11 observations of seven subjects. 


tion of sound is an additive phenomenon. 
Cossio and Fongi® have stated that ‘‘when the 
auricular sound coincides by chance with the 
sound that appears at the beginning of the 
ventricular systole, both acoustic phenomena 
are added and in this case the first sound ac- 
quires unusual intensity.” In the present study 
auricular sounds were not heard in any of the 
subjects in spite of careful auscultation, and 
corresponding vibrations did not appear except 
with very high amplification, when minute 
vibrations were detected. Under these circum- 
stances the first auricular vibrations followed 
the onset of the P wave by 0.13 second, while 
the second vibrations occurred after 0.29 
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second. Although the first component of the 
auricular vibrations occurred at the time of the 
primary zone of accentuation, the second com- 
ponent, which was identical with the first, oc- 
curred during the time when the first sound was 
at its lowest amplitude. Because auricular 
sounds are so frequently heard in adults with 
complete A-V block, the absence of auricular 
sounds in these children was quite striking. 
Since, to the best of our knowledge, this dis- 


opening 


Movements 
of 
Septal Cusp 
of 
Mitral Valve 


closing 


Amplitude 
of 
First Sound 


Casel-A 


o 860510 1S 20 25 30 3.35 
Seconds After Onset of P Wave 


Fic. 9. Time relationships after onset of P wave of 
movements of the mitral valve’s septal cusp in the 
perfused cat heart (above, after Dean'‘), compared 
with curve relating amplitude of first sound to the 
P-R interval in case la (below). Data from the 
patient have been corrected by the addition of 0.03 
second, the interval observed in this patient as that 
from the onset of the QRS to the onset of the first 
heart sound. 


tinction between children and adults with 
A-V block has not been made heretofore, we 
surveyed the literature and found that auricular 
sounds have been noted only rarely in children 
with complete heart block. In any event, ac- 
centuation of the first heart sound in the sub- 
jects of the present study could scarcely have 
been due to any additive auricular factor since 
auricular sounds were inaudible in all. 
Another commonly encountered belief re- 
garding variations in the intensity of heart 
sounds is that the sounds are related to the 
strength of muscular contraction; louder sounds 
are therefore expected to occur when cardiac 
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contractions are stronger and vice versa. In 
actual fact, the reverse is often true. For ex- 
ample, in certain patients with auricular fil ril- 
lation, the first sound is found to be din in- 
ished*:7 after long diastolic pauses despite ‘he 
greater force of contraction. In complete .\-V 
block, the force of contraction with each | »at 
is constant as judged by arterial pulse wa: es, 
yet marked variations in the amplitude of he 
first sound are observed. 

Although there is still disagreement as to 
the cause of the first heart sound,®: * the dita 
from this and other studies strongly support 
the concept that the mitral valve is the prim:ry 
factor in the genesis of the sound. In 1933, 
Dock,'® through his now classic experiments, 
redirected attention to the fact that the first 
heart sound is almost solely valvular in origin. 
He demonstrated that the first heart sound 
virtually disappeared following the immobiliza- 
tion of the auriculoventricular leaflets, despite 
continued forceful ventricular contraction. 
These findings have been confirmed by Luisada 
and co-workers" as well as by Smith, Essex 
and Baldes.” The valvular hypothesis relates 
changes in the intensity of the first sound to 
variations in the position of the valves at the 
time of ventricular systole. It is believed that 
accentuation of the first heart sound takes 
place whenever “systole occurs at an instant 
when inflow from the auricle is pushing the 
valve toward the apex and separating the 
leaflets as much as possible.’’? If the position 
of the valve is the determining factor in heart 
sound, it is then helpful to know the move- 
ments of the mitral valve throughout the 
cardiac cycle. 

In this regard, the work of Dean" with per- 
fused cat heart remains unchallenged. He 
showed that the septal cusp of the mitral valve 
underwent slight upward movement during the 
last moments of passive filling, then sharp 
downward opening movement with auricular 
contractions; after that there occurred an up- 
ward incomplete closure followed by a secon:- 
ary downward drop, though not as far down 
as in auricular systole. In figure 9, Deai’s 
results are shown diagrammatically and com- 
pared with the curve derived from case 11, 
the youngest and smallest patient in this grou). 
Despite the difference in size between cat ail 
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hu aan heart, the agreement in the two curves 
is -trikingly close. Moreover, the fact that the 
interval at the maximal peak amplitude 

' the first sound is relatively constant both 

i hin the present group of small children and 

ong adults? further justifies this comparison. 

can be seen that the occurrence of the two 
ies of loud heart sounds coincides with the 
ie When the valves are open widest and that 

» zone of faint heart sounds occurs when 

» valves are almost closed. This close cor- 

ation between the heart sound and valve 

sition seems to us to be fairly strong evi- 

nee in support of the valve position being 
the most important cause of the variations in 
the heart sounds. 

Since we have been relating heart sounds to 
P-R intervals throughout this study, it should 
be understood that the P—R interval was not 
taken to represent its literal mechanical 
counterpart, but was rather employed as a 
readily measurable, convenient timing device. 
The relationship of electrical to mechanical 
events in the cardiac cycle has been the subject 
of intensive investigation.*-" It was found 
that the interval from the onset of the P wave 
to the onset of auricular systole averaged 0.09 
second in essentially normal subjects. From the 
start of auricular systole to its peak takes about 
0.05 second," so that auricular systole 
reaches its maximum about 0.14 second after 
the onset of the P wave. The large vibrations 
of the first heart sound may be taken roughly 
to represent the onset of ventricular systole. 
In our patients the mean interval from the 
onset of the QRS to the onset of the first sound 
was 0.035 second. If this interval is added to 
the mean peak amplitude at the primary zone 
of accentuation it is seen that the loudest 
sounds occurred 0.125 second after the P wave 
or during the time when the auricle is reaching 
iis maximum contraction. Thus it seems evi- 
dent that intensified sounds are produced 
vhen ventricular contraction occurs at a time 
vhen the A-V valves are being widely sepa- 
rited. 

In regard to the belief expressed by Wolferth 
iid Margolies'® that the amplitude of the 
fist sound is related to the rate of rise of intra- 
\ontricular tension, it is of some interest to 
lote that in right ventricular pressure curves 


in case 7 obtained by Dr. Herbert N. Hultgren 
in cardiac catheterization, no correlation could 
be found between the rate or height of rise 
and the P-R intervals of the associated cycles. 

When the curves are examined in the light 
of mitral valve movement, there appears to 
be an explanation for the change in the shape 
of the curves over the years. Since the second- 
ary zone is related to the secondary floating- 
apart of the valve leaflets, its onset at progres- 
sively later time intervals with the passage of 
time would indicate that with aging the valves 
delay longer in the approximated position be- 
fore floating apart. It follows, then, that the 
absence of the secondary zone in adults? with 
A-V block implies a failure of the secondary 
separation of the valves. Since movement of 
the valve leaflets is most probably related to 
thinness and flexibility, the delay and eventual 
disappearance of the secondary zone of in- 
tensification would be due to a loss of flexibility 
of the valve leaflets with aging. It is obvious 
too that A-V valves should be wider apart or 
open more of the time during diastole in the 
young than in the old, since flow of blood 
through the heart is relatively (allowing for 
size) greater in the young. 


SUMMARY 


1. The peak amplitude of the first heart 
sound has been analyzed with regard to the 
P-R interval in 985 cycles of 11 phonocardio- 
grams of seven ambulatory children with 
complete heart block. Repeated observations 
were obtained in three of the subjects. 

2. Qualitatively similar curves were ob- 
tained for all the subjects. These show two 
zones of accentuation of the first heart sound, 
the first at short and the second at long P-R 
intervals. Between the two zones the amplitude 
of the first sound is diminished below normal. 
The intensity of the heart sound in the second- 
ary zone of accentuation occasionally exceeds 
that of the sounds in the primary zone. The 
secondary zone of intensification is believed 
to account for the loud heart sounds occurring 
in cycles in association with short R-P in- 
tervals. 

3. With advancing age, the secondary zone 
of accentuation occurs with increasingly long 
P-R intervals. Despite this change, the curves 
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for each individual retain their characteristic 
configuration over the years. 














4. The P-R intervals which correspond to 
the maximal and to the minimal intensity of 
the first sound show little variation in different 
subjects and do not appear to be influenced 
by aging. 





























5. In no case could auricular sounds be 
heard, although tiny vibrations corresponding 
to two components of auricular activity could 
be identified in the tracings. Accentuation of 
the first sound, therefore, is not the result of 
simple addition of sounds. 

6. It appears from these and other studies 
that loudness of the first sound is related to 
position of the A-V valves at the onset of ven- 
tricular systole. If this is so, the results suggest 
that the leaflets of children, but not those of 
adults, open widely again following their 
narrowing or closure after the conclusion of 
auricular systole. This might be related to 
greater flexibility of the leaflets in the young, 
and is compatible with diminution in cardiac 
index associated with aging. 




























































































ACKNOWLEDGMENT 











The authors are indebted to Dr. Ann Purdy 
for referring many of the patients for study. 














SuMARIO EspaNou 





Curvas se han obtenido en siete nifos con 
bloqueo A-V completo que relaccionan la 
intensidad maxima del primer ruido cardiaco 
con el intervalo P-R. El primer ruido cardiaco 
se intensifica con intervalos P-R cortos, se 
disminuye cuando el intervalo P-R se en- 
cuentra en la vecindad de 0.20 a 0.30 segundos, 
y se intensifica nuevamente con intervalos 





















































relativamente largos. Observaciones repetidas 








por un ntiimero de afios demostraron los afectos 
de crecimiento y edad en estos fenédmenos. Los 
datos aparecen indicar que la intensidad vari- 
able del primer ruido cardiaco en bloqueo A-V 
completo se relacciona a la posicién de la 



































valvula mitral al tiempo del sistole ventricular. 
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Studies of Vasospasm 


|. The Use of Glyceryl Trinitrate as a Diagnostic Test of 
Peripheral Pulses 


iy Wiir1am T. Fotey, M.D., Etten McDevirt, M.D., J. A. Tuttocu, M.D., Martin Tunis, 
M.D., anp Irvine 8S. Wricut, M.D. 


In the course of a physical examination one is often confronted with the question whether the in- 
ability to palpate a pulse in a usual location is the result of arterial spasm, occlusive arterial disease, 
or an aberrant location of the artery. Evidence is presented that the sublingual administration of 
glyceryl trinitrate (nitroglycerin) will frequently solve this problem. If the absent or markedly 
diminished pulse becomes bounding and objective tests confirm this, it can be concluded that the 
reduced pulsation was due to spasm of the artery under study. This is a simple test readily applied 


in clinical practice. 


HE DETECTION of arterial pulsation 

in the limbs is an important routine 

observation made during physical ex- 
amination. Absence of pulsation may be due 
to local conditions including (1) spasm of the 
artery, (2) organic occlusive arterial disease, 
and (3) abnormal course or congenital absence 
of the artery. It may also be due to profound 
changes of a generalized nature such as shock 
or exsanguinating hemorrhage. In this study 
we have concerned ourselves with changes in 
the vascular tree and their local manifesta- 
tions. Differentiation of arterial spasm from 
organic disease of the arteries is of fundamental 
importance in assessing the vascular supply to 
a limb. Spasm may occur in normal arteries in 
response to cold, emotional stimuli, or trauma, 
but may also be superimposed on vascular 
narrowing due to organic disease. 

There are numerous ways to release vascular 
spasm. Fever may be induced artificially and, 
as a physiologic effect, generalized dilatation 
if the peripheral vessels occurs.' General anes- 
thesia?: ® causes a generalized vasodilatation. 
Spinal*:® and cordal anesthesia produce a 
blockade of the vasoconstrictor sympathetic 
fibers to the lower extremities with consequent 
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vasodilatation of the denervated areas. Pe- 
ripheral nerve anesthesia®: * ' blocks sym- 
pathetic nerve impulses in the area supplied 
by that particular nerve. Paravertebral sym- 
pathetic nerve block! ® acts by anesthetizing 
sympathetic ganglia. Lewis'* believed that re- 
flex heat®* stimulates the vasodilator fibers 
directly and reflexly through the vasodilator 
center in the brain. 

Various drugs have vasodilating action. 
Tetraethylammonium compounds,"  Prisco- 
line,*:'® the methonium compounds,!® Di- 
benamine and Dibenzyline”! probably exert 
their influence on the autonomic ganglia. 
Adrenolytic and histamine-like factors pos- 
sibly also play a role in their action of pe- 
ripheral vasodilatation. Nicotinic acid and 
Papaverine’’'> produce transient flushing, 
probably by a generalized dilatation of vessels. 
To produce a maximum effect in a short time 
these drugs must be administered intra- 
venously. Side effects and prolonged action 
limit their usefulness as a quick bedside test. 
Reflex heating has proved the safest, most 
effective and reliable method of relieving vaso- 
spasm. This method, however, is cumbersome 
and time consuming. 

Sodium nitrite and glyceryl trinitrate relax 
smooth muscle throughout the body, including 
the smooth muscle of the vascular system.” 
It should be pointed out that they do not pro- 
duce a dilatation of the minute vessels with 
consequent warming of the skin as do the other 
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methods cited above, but do produce a great 
dilatation of the large, medium and small 
arteries. A test using sodium nitrite was de- 
vised by Beck and de Takats," but has the 
disadvantage that it must be given intra- 
venously. Simplicity of the test procedure, 
combined with rapidity of action and short 
duration of effect, are desirable. Individual 
variation in response to the test procedure 
should be minimal. 

The potentiality of glyceryl trinitrate as 
a test for the presence of vasospasm was first 
brought to our attention by a patient who 
suffered from angina pectoris and who, in the 
winter months, had attacks of blanching of 
the fingers, a typical Raynaud phenomenon. 
Glyceryl trinitrate not only relieved his chest 
pain, but promptly terminated the episodes 
of blanching. A study of the effects of glyceryl 
trinitrate on patients with peripheral vascular 
disease and on normal healthy subjects was 
therefore undertaken. On reviewing the liter- 
ature, it was discovered that the effect of 
glyceryl trinitrate on the peripheral vascular 
system had been reported in 1943 by Israel.'* 
His interest centered mainly on the presence 
of arterial spasm in hypertension and Ray- 
naud’s disease. 


MATERIAL AND METHOD OF STUDY 


The following groups of subjects were tested: 
normal vasomotor tone, 19; increased vasomotor 
tone, including Raynaud’s disease and other syn- 
dromes with vasospasm as a prominent feature, 29; 
occlusive arterial diseases, 48; making a total of 
96 cases. 

All subjects were tested in a comfortably warm 
room while lying lightly clad on an examination 
table. The following observations were made before 
and again two to five minutes after sublingual ad- 
ministration of 0.4 mg. of glyceryl trinitrate: (1) 
presence of arterial pulsation in the radial, ulnar, 
femoral, dorsalis pedis and posterior tibial arteries 
on both sides; (2) oscillometric readings on both 
feet and both legs above the ankles, and, when 
indicated, above and below the knee or at the wrist; 
(3) pulse rate; (4) blood pressure in the right arm; 
(5) color, warmth, and moisture of the hands and 
feet. The pulse volume was evaluated by palpation 
from 0 to 4 plus, the normal being designated 2 plus. 
Two oscillometers, similarly calibrated, were used 
throughout the study. Thirteen of the 96 subjects 
were also tested in a constant temperature room 
(20 C. and 50 per cent relative humidity). One hour 
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was allowed for stabilization of the skin temperature, 
and observations were continued for one hour after 
administration of the glyceryl trinitrate. In this 
group, in addition to the observations listed abo e, 
skin temperature records were made from the tip 
of the left index finger, anterior surface of the rigit 
ankle, and tip of the right large toe. Arterial pu'se 
tracings were recorded from the left dorsalis pecis 
artery. A thermocouple and potentiometer wee 
used to determine the skin temperature. Arter] 
pulsation was recorded by a glycerol pelote plac d 
over the left dorsalis pedis artery and connectcd 
through a Rochelle salt crystal to a direct writing 
electrocardiograph. 


RESULTS 


Detection of pulsation in arteries previously 
impalpable or an increase in amplitude of 


MINUTES AFTER 
SUBLINGUAL 
NITROGLYCERINE 








Fic. 1. J. Mc., age 65 years. Effect of nitroglycerin 
on the pulsations of the dorsalis pedis artery of a 
normal subject. Pulsations markedly increased by 
drug. 


peripheral arterial pulsation, with enlargement 
of oscillometric readings has been taken as 
evidence of release of vasomotor tone after 
administration of glyceryl trinitrate. Augmen- 
tation in the oscillometric readings of 1 unit 
or more, recorded from above the ankle, and, 
in the relevant cases, from above the wrist has 
been arbitrarily defined as a ‘‘definite increase” 
in this study. Such a finding was commonly 
associated with a marked amplification of pe 
ripheral pulses. An increment of less than 1 unit 
at these levels has been classed as a “‘sligh! 
increase”’ and clinically was associated eithe: 
with no change in arterial pulsation or with : 
slight augmentation in pulsation. 

Normal Vasomotor Tone. All individuals con 
sidered to be normal in this respect showed : 
greater amplitude of pulsation and of oscillo 
metric readings after sublingual administra 
tion of glyceryl trinitrate. This occurred within 
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TaBLE 1.—Evaluation of Changes in Oscillometric Readings after Administration of Glyceryl Trinitrate 


eine er i Slight 
ot egs ot egs crease One 
toh bom Slight Definite 
ae Increase Increase 


Definite | 
‘ . ) Increase Increase | 
Diagnosis Leg & Slight | One Leg & | One Leg & | Total Cases 


Increase 





\ormal Vasomotor Tone 

}nereased Vasomotor Tone 

‘| hromboangiitis Obliterans....... .| 
rteriosclerosis Nonocelusive.... . .| 


\rteriosclerosis Obliterans (Occlu-| 








No Change | No Change | 
Other Leg Other Leg | 


Other Leg 


18 —_— 
29 | _— 


12 


2 











wo to five minutes after administration of the 
drug. Eighteen showed a definite increase in 
pulsation, but in one case only a slight increase 
was detected (fig. 1 and tables 1 and 2). In 
seven subjects, the ulnar arteries, which could 
not be detected before administration of 
glyceryl trinitrate, became easily palpable. 
The pulse rate either did not change or in- 
creased slightly. The blood pressure varied. 
In some cases, there was no change, but, in 
general, the systolic pressure fell and the dias- 
tolic pressure rose slightly. In one hypertensive 
patient, both the systolic pressure and the 
diastolic pressure fell. There was little change 
in the color, temperature, or moisture of the 
extremities. 

Increased Vasomotor Tone. All patients with 
clinical evidence suggesting increased vaso- 
motor tone showed a definite increase in os- 
cillometrie readings after administration of 
glyceryl trinitrate (figs. 2 and 4 and tables 
| and 3) and all peripheral pulses became 
bounding in character. In 17 subjects, pulses 
previously absent became easily detectable. 

As in the normal subjects, color and temper- 
iture of the hands and feet did not change 
except in six cases: two with Raynaud’s disease, 
ne with acrocyanosis, one with scleroderma, 
ne with early thromboangiitis obliterans, and 
ne with myxedema. In these cases, the ex- 
remities became pinker and warmer (fig. 3 
nd tables 4 and 5). 

Thromboangiitis Obliterans. The response to 
lyceryl trinitrate shown by the four subjects 
ested varied widely (tables 1, 6, and 7). In 
vo patients the dorsalis pedis and posterior 


TaBLE 2.—Effect of Nitroglycerin on Pulses of Subject 
with Normal Vascular System 


Before Drug | 2 to 5 min. after Drug 


Right |Left} Right | Left 


Blood Pressure. ....... 112/68 108/70 | 

72 | 96 | 
oe | ee 
Ulnar Pulae; ........... 0 a os 
Femoral Pulse ++ $+ i4+-+++ 
Dorsalis Pedis 4+ 144444-414444-4 
Posterior Tibial ao a wee +4 
Oscillometric, Foot....| 0.4 5} 1.8 1.5 
Oscillometric, Above 
RNG 5b te fair cece sec 2.5 | 2.2) 5 


| 
| 
| 


5.0 











| 
' 


Patient: Miss M. K., Age 25, N. Y. H. Staff nurse. 
Remarks: Great increase in volume of all pulses. 
Absent ulnar pulses became palpable. 


MINUTES AFTER 
SUBLINGUAL 
NITROGLYCERINE 


“WS 


Joo aa LN dN a NOUN 








Fig. 2. Mrs. C. R., age 62 years. Excellent effect 
of nitroglycerin on pulsations of dorsalis pedis artery 
in a patient with vasospasm following phlebitis. 
Questionably palpable before nitroglycerin, the pul- 
sations became bounding after the drug. 


tibial arteries were occluded at each ankle. 
One case showed a slight increase in oscillo- 
metric readings at the ankle after administra- 
tion of the glyceryl trinitrate while the other 
showed no change. In the third patient, only 
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RADIAL PULSE 
BEFORE 
NITROGLYCERINE 


THREE MINUTES Pe pa nn i re al 
LATER | 


| 

Fig. 3. Miss J. S., age 28 years. Good effect of ni- 
troglycerin upon pulsations of radial artery in a 28 
year old patient with vasospasm associated with 
Raynaud’s disease. Impalpable before nitroglycerin, 
the pulsations became readily palpable after the 
drug. 





TABLE 3. 
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and oscillometric readings in both lower limbs 
two showed a slight augmentation in alread 
good pulsations; one showed a definite increas: 
in volume of pulsation in one limb, but onl 
a slight increase in the other (table 1). A) 
though all pulses were present in this last cas 
it is possible that there was partial occlusio 
of the main artery in the limb showing onl: 
the slight increase in oscillometric readings 
The figures recorded at the ankle were: righ 
leg 0.4 to 1.2, left leg 2.0 to 4.0. In 10 patients 


Effect of Nitroglycerin on Pulses of Patient with Increased Vasomotor Tone after Phlebitis 


0.0004 Gm. Nitroglycerin Given Sublingually 


—83 —33 


Room temperature 
Patient’s Temp., Oral 
Patient’s Temp., Skin 
Right Index finger 
Right Ankle 
Large Toe 
Blood Pressure 
Pulse Rate 
Pulses 
Wrist 
Right Radial 
Right Ulnar 
Left Radial 
Left Ulnar 
Foot 
Right Dorsalis Pedis 
Right Posterior Tibial 
Left Posterior Tibial 
Oscillometric Readings, Right Foot 


20.5 
36.5 


20. 
36. 


Simultaneous tracing made of left dorsalis pedis pulse. 


the left dorsalis pedis artery was palpable at 
the ankles. On administration of the drug, a 
definite increase in oscillometric readings was 
noted at the left ankle, and a slight one at the 
right ankle. The fourth patient had obstruction 
to both arteries at the left ankle, but at the 
right ankle both were patent. A definite aug- 
mentation in oscillometric readings was noted 
at the right ankle after glyceryl trinitrate, 
and a very slight one at the left ankle. 
Arteriosclerosis Without Peripheral Arterial 
Occlusion Including Monckeberg’s Sclerosis. Ob- 
servations were made on 15 cases. Twelve 
showed a definite increase in arterial pulsation 


—23 


/88 158 
79 


++4+++++4+4++4+ 


0 


+++ +++ +++ 


0 


Time: Minutes Before and After Sublingual Nitrotroglycerin 


+3 +7 +11 +14 +40 


5 5 20.8 


20.0 
36.7 36.8 | 36.7 
25.6 
30.1 
24.2 
88 158/86 
68 


23.6 
29.9 
24.2 
142/90 
86 


23.9 
29.7 | 28. 
24.0 | 23.5 
142/82 138/8: 


3 | 7 


fa 


25. 


24.5 
136/88 


66 84 


++4+++ 
a 

oe 
a 


+++ 
+ 

bet 
t+. 


| 4 
+ 0 
+++ 


et 


0 0 


0 0 


+4+++4+4+4+4+) ++ 
++ | ++ | ++ 
++ - - 
0.8 1.0 1.2 


+ 
a 
+ 


pulses not detected when the subject was first 
examined became readily palpable after ad- 
ministration of the glyceryl trinitrate. 
Arteriosclerosis Obliterans, Atherosclerosis. 
Twenty-eight cases were examined. Of the 
five cases with obstruction to the lower end 
of the abdominal aorta, none had a palpable 
pulse in the lower limbs either before or after 
administration of glyceryl trinitrate, but one 
did show a slight increase in oscillometric read- 
ings in both limbs after the drug. (See record 
of patient A. P., table 8.) Similarly, those 
cases with bilateral occlusion of the lower 
femoral artery or popliteal artery either showed 





FOLEY, McDEVITT, TULLOCH, TUNIS AND WRIGHT 851 








4INUTES AFTER | 
SUBLINGUAL 
{JTROGLYCERINE 





Fic. 4. Mrs. S., age 51 years. Excellent effect of 
\itroglycerin on oscillometric readings of the foot 
na patient with vasospasm and acrocyanosis. Feet 
ind wrists were pulseless before the drug. After 
iitroglycerin, all pulses were strong. 


TaBLE4- -Effect of Nitroglycerin on Pulses of Subject 
with Increased Vasomotor Tone 


| Before Drug 2 to 5 min. 


after Drug 


Right | Left | Right | Left 
= oe 


102/68 98/68 


Femoral Pulse 
Dorsalis Pedis + +++) ++ 
Posterior Tibial 0 ;}++ > 4+ 
Oscillometric, Foot : O82} £0} 1.5 
Oscillometric, Above 

Ankle he 1.5] 3.5 | 4.0 


Patient: Miss I. L., Secretary, Age 29. 

Remarks: Absent posterior tibial and ulnar pulses 
became palpable. Barely perceptible dorsalis pedis 
pulses became bounding. 


TaBLE 5.—Effect of Nitroglycerin on Pulses of Patient 
with Vasospasm and Acrocyanosis 


2 to 5 min. 


Before Drug after Drug 


Right | Left | Right Left 


Blood Preseure.........-..% 128/78 118/70 
68 72 
Radial Pulse...............| 4+ 4++/+++4+ 
UE AMID 5 ss. 0 coe sae cess 0 0 ao 
Femoral Pulse ++ [+-4+/4+4++ 
Dorsalis Pedis 0 j+++ 
Posterior Tibial . 0 |+++ 
)scillometric, Foot 0 0.5 | 0.5 
scillometric, Above 
2.0) 4.0 4.0 





Patient: Mrs. J. S., Age 51, N. Y. H. * 592,606. 

Remarks: Absent dorsalis ¢edis, posterior tibial 
nd ulnar pulses became bounding. Fingers and toes 
howed release of vasospasm. 


TABLE 6.—Effect of Nitroglycerin on Pulses of Patient 
with Thromboangiitis Obliterans 


2 to 5 min. 


Before Drug after Drug 


Right | Left | Right | Left 
Blood Pressure. ............. 112/80 100/70 
76 80 | 


ab ee ee 
WAP POING: cc os sce cece 0 0 0/0 


Femoral Pulse + |) ++ '4++ 
Dorsalis Pedis 0 0 0 
Posterior Tibial . oo, 0 0 
Oscillometric, Foot 0 0 
Oscillometric, Above Ankle..| 0.7 | 0.6 1.5 


| 0 
0 
| 1. 


2 


Patient: M. J. B., N. Y. H. *601,422. 

Remarks: Ulnar, dorsalis p~edis and_ posterior 
tibial pulses remained blocked. Oscillometric read- 
ings above ankles increased. 


TABLE 7.—Effect of Nitroglycerin on Pulses of Patient 
with Advanced Thromboangiitis Obliterans 


2 to 5 min. 


Before Drug after Drug 


Right | Left| Right | Left 


Blood Pressure. ......... 102/68 92/62 | 
66 68 

Madial Pulse... 0.6.0... ++ ++) +44 !4+4+4+ 
Ulnar Pulse + j++!) +4++4+ |4+4++4+ 
Femoral Pulse....... ee ee oe oe oe eee 
Dorsalis Pedis ..| ++!) 0 |++++! 0 
Posterior Tibial.........| ++ | 0 ++++' 0 
Oscillometric, Foot......| 0.2 | 0 0.5 0 
Oscillometric, Above 

NIMC role a 0 tan ote 2 PS | O34 2: 0.3 


Patient: Mr. C. R., N. Y. H. #600,337. 

Remarks: The occluded dorsalis pedis and pos- 
terior tibial arteries remained not palpable. Other 
pulses became bounding. 


no change (two cases) or developed a slight 
increase in oscillometric readings at the ankles 
(four cases). The findings were more variable 
in those cases showing obstruction to the 
femoral or popliteal artery on one side only, 
whether this was combined with occlusion of a 
more peripheral artery in the other limb, or not. 


(1) No change in oscillometric readings or 
arterial pulses after glyceryl trinitrate. . 2 

(2) Slight increase in one limb, and no change 
MOINS 5 od Rin cc dk eee ees 1 

(3) Slight increase in both limbs.......... 3 

(4) Definite increase in one limb and a slight 
increase in the other... 
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In each of groups 1, 3 and 4, two cases had 
also occlusion of the left posterior tibial artery. 
This variability was also observed in cases 
in which the arterial occlusion was limited to 
one or more of the vessels at the ankles. Two 
vases had occlusion of both dorsalis pedis ar- 
teries and of the left posterior tibial artery; 
one showed a definite increase in oscillometric 
readings at the ankle in both limbs, while the 
second showed a definite increase in one limb 
and a slight increase in the other. One case 


TABLE 8.—Effect of Nitroglycerin on Pulses of a 
Patient with Arteriosclerosis Obliterans and Complete 
Obstruction of the Abdominal Aorta 





2 to 5 min. 


Before Drug then Sbimer 


Right| Left Right Left 


Blood Pressure 212/100 212/100 
Pulse ’ Spee 76 82 


Radial Pulse. . Bee ees: [et 
Ulnar Pulse. ........| 0 


Femoral Pulse. 0 
Dorsalis Pedis .| 0 
Posterior Tibial 
Oscillometric, Foot 
Oscillometric, Above 
Ankle..... vs 
Oscillometric, Below 
ME eer nts mick oS . 0.1 
Oscillometric, Above 
eS Ce eee 3 0 0.3 


Patient: Mr. A. P., Age 51, N. Y. H. # 50,533. 
Remarks: Pulses remained blocked in legs, in- 
creased in arms. 


in which both posterior tibial arteries were oc- 
cluded showed a definite increase in oscillo- 
metric readings in one limb and no change in 
the other, while two cases in which only one 
posterior tibial artery was occluded showed a 
slight increase in oscillometric readings in 
both limbs. The final case had occlusion of the 
right dorsalis pedis artery alone, and a definite 
increase in oscillometric readings was recorded 
in both limbs. 

Peripheral Arterial Embolism. The one case 
investigated had experienced embolic occlusion 
of the lower femoral artery of each leg, the 
right shortly before examination, and the left 
four to five months previously. All pulses were 
absent below the groin. No change was ob- 


served in the left leg after administration o/ 
glyceryl trinitrate, but a slight increase i, 
oscillometric readings without detectab!> 
change in pulsation was recorded in the righ 
leg. 


DISCUSSION 


This test has practical clinical importanc 
as a diagnostic procedure. It is simple to carr 
out and can be interpreted quickly, givin 
valuable information concerning the circula 
tion of a limb. During physical examination 
if a pulse is found to be weak or absent, an 
there is doubt as to why this should be, th: 
patient may be tested with glyceryl trinitrate 
If the pulse becomes bounding, it is certaii 
that the artery being tested is not organically) 
occluded, and that there has been a marked 
degree of vasospasm. Probably persistent ab- 
sence of pulsation signifies organic arterial 
occlusion or anatomic abnormality of the 
vascular system. This conclusion cannot be 
stated with certainty in reference to a specific 
patient on the basis of this test alone. No 
change in a weak pulse accompanied by little 
or no increase in oscillometric readings may 
probably be interpreted as indicating the 
presence of organic disease of the vessel with- 
out actual complete occlusion. In the patients 
with occlusion of the femoral or popliteal ar- 
teries, the slight increase in oscillometric read- 
ings at the ankles observed in some cases may 
be interpreted as indicating the presence of 
a good collateral circulation, the vessels being 
capable of dilating under the influence of the 
glyceryl trinitrate. In all groups, the hyper- 
tensive and nonhypertensive patients reacted 
similarly after glyceryl trinitrate. 

Our present studies indicate that arterial 
tone is relaxed by glyceryl trinitrate. Weiss 
and his colleagues”: 2°: 24 made a series of in- 
vestigations of the action of sodium nitrite 
They concluded that ‘‘a widening of the large: 
arteries actually occurs sodium nitrite 
causes a relaxation of the temporal and radia! 
arteries and a more bounding pulse.” They 
also conducted studies to explain the postural 
hypotension and syncope that occurs. They 
concluded that this was due to relaxation of 
venous tone causing a pooling of blood in the 
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wer extremities when the patient stood up. 
‘hey believed there was little or no relaxation 
. arteriolar tone. 

Wégria and co-workers”? have shown that 
ardiac output is increased by glyceryl trini- 
rate. With increased cardiac output and little 
r no change in peripheral resistance as indi- 
ated by a constant blood pressure, one must 
issume an increased blood flow. 

In the absence of any marked rise in skin 
emperature we presume that the increased 
jlood flow occurs in the deeper circulation 
hrough the muscles and through the arterio- 
‘enous shunts in the hands and feet. Further 
studies would be needed to verify this hy- 
pothesis. 

As the effect of glyceryl trinitrate on blood 
pressure and pulse rate has been thoroughly 
studied by other investigators, and these find- 
ings were confirmed in our observations, no 
further analysis of these factors has been given. 

Complications. In no patient was there any 
serious discomfort. Many complained of flush- 
ing of the head and a few of slight headache. 
All patients were maintained in a supine posi- 
tion for a minimum of five minutes after com- 
pletion of the test. Some complained of dizzi- 
ness for a few minutes after assuming the erect 
posture. 

Contraindications. This test should not be 
used on patients in whom the maintenance of 
vasomotor tone is important, as in shock, 
febrile conditions, and debilitation. Wégria 
and associates”? state that glyceryl trinitrate 
is contraindicated in recent myocardial in- 
farction because of the increase in cardiac 
output which results from its use. Goodman 
and Gilman!» list marked anemia, increased 
intraocular pressure and increased intracranial 
pressure as additional contraindications to this 
ype of test. 


SUMMARY 


Ninety-six subjects were tested with glyceryl 
rinitrate. Observations were made on the 
haracter of the peripheral pulses, pulse rate, 
lood pressure, oscillometric readings in the 
eet and legs, (and, when appropriate, at the 
‘rist) and the color, temperature, and moisture 
the hands and feet. Thirteen of the group 


were also tested in a constant temperature 
room where skin temperature studies and 
arterial pulse tracings were also made. 

The results observed permit the following 
conclusions to be advanced: 

1. Sublingual administration of glyceryl tri- 
nitrate in a dose of 0.4 mg. aids greatly in the 
interpretation of the weak or absent peripheral 
pulse. It releases vasomotor tone of peripheral 
arteries, and the pulse, weak or absent as a 
result of vascular spasm, becomes bounding in 
character. Vessels totally occluded by organic 
disease remain impalpable. Vessels organically 
diseased and partially occluded increase their 
pulsation only to the degree of tone permitted 
by the pathological changes. 

2. Oscillometric readings are increased in 
proportion to the release of vasomotor tone. 

3. In the majority of patients showing 
response with increase in pulsation, no increase 
in skin temperature or change in color or 
moisture of the skin occurs. 

4. Occasionally such changes may be ob- 
served in digits in which the vessels have been 
in very severe spasm as in an acute Raynaud’s 
syndrome. 


SuMARIO EspaNou 


En el curso de un examen fisico uno a menudo 
confronta el problema si la inabilidad de 
palpar una pulsacién en una localizacién usual 
se debe a espasmo arterial, enfermedad oclu- 
siva arterial, o a una localizacién anormal de 
la arteria. Evidencia se presenta mediante 
la cual se demuestra que la administracién 
sublingual de trinitrato de glicerilo (nitro- 
glicerina) usualmente resuelve este problema. 
Si la pulsacién ausente o marcadamente 
reducida aumenta notablemente y pruebas 
objetivas confirman esto, se puede concluir 
que la pulsacion reducida se debia a espasmo 
de la arteria bajo estudio. Esta prueba es 
sencilla y aplicable facilmente a la practica 
clinica. 
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Mortality and Other Studies Questioning the 
dvidence for and Value of Routine Anticoagu- 
lant Therapy in Acute Myocardial Infarction 


By SipNey Scunur, M.D. 


This study of 1350 patients with acute myocardial infarction admitted to several hospitals during 
a 10-year period attempts to answer several questions currently in dispute: the correlation of the 
patient’s condition on admission with the mortality rate, the relation of the patient’s age to prog- 
nosis, and the value of routine anticoagulant therapy. It presents the major statistical objections 
to the study by the Committee for the Evaluation of Anticoagulants of the American Heart Asso- 
ciation, questions the evidence upon which the Committee made its recommendations and concludes 
that incontrovertible proof of the advantages of routine anticoagulant therapy in patients mildly 
ill on admission to the hospital has not been presented thus far. 


HE SPECIFIC VALUE of a drug or a 

procedure in the treatment of acute myo- 

vardial infarction is difficult to ascertain 
because of the tremendous number of variable 
factors which affect recovery. The statistical ap- 
proach, the only adequate method of study, 
is fraught with many dangers which may lead 
to incorrect interpretation. Thus, in spite of a 
plethora of papers in the literature, the value 
of and indications for routine anticoagulant 
therapy* are still in doubt.':? Even among 
thoset who participated in the anticoagulant 
study sponsored by the American Heart As- 
sociation in 1948,‘ there is no present unanimity 
of opinion. All investigators are aware that the 
patient’s condition prior to therapy has a defi- 


From the Department of Medicine, Baylor Uni- 
versity College of Medicine and the Jefferson Davis, 
St. Joseph’s, Methodist and Southern Pacifie Hos- 
pitals, Houston, Tex. Read by title at the Twenty- 
fifth Annual Scientific Sessions of the American Heart 
Association, Atlantic City, N. J., April 10, 1953. 

* “Routine anticoagulant therapy” in this paper 
signifies compliance with the recommendations of 
the Committee on Anticoagulants of the American 
Heart Association: ‘Anticoagulant therapy should 
be used in all cases of coronary thrombosis with myo- 
‘ardial infarction unless a definite contraindication 
exists.’’4 

+ In answer to a questionnaire regarding their 
yresent policy in treatment of acute myocardial in- 
arction, three of the responsible investigators stated 
hey do not use anticoagulants routinely in their own 
yractice, nine follow the recommendations of the 
‘ommittee, one does not practice clinical medicine.’ 


nite influence upon the mortality rate, but the 
exact role of this factor has been difficult to 
assess because of inability to express it quanti- 


tatively. This has led to uncertainty as to 
whether control and treated groups are equally 
ill and, therefore, whether any difference in 
mortality found at the conclusion of a study 
was due to unequal selection of cases or to the 
specific therapy employed. Until a few years 
ago the patient’s age had been accepted as an 
important factor in mortality due to acute 
coronary thrombosis.*: * The Committee for 
the Evaluation of Anticoagulants of the Ameri- 
can Heart Association{ observed that routine 
anticoagulant therapy was effective in lower- 
ing the mortality rate in the older age group, 
but did not alter the rate in those under 60 
years of age. Russek?:’ recently hasraised serious 
doubts concerning the validity of the age factor 
in prognosis and routine anticoagulant therapy 
in general. Thus it is obvious that certain basic 
facts regarding mortality statistics in acute 
coronary thrombosis with myocardial infare- 
tion require elucidation; that the status of 
anticoagulant therapy is still unsettled; and 
that new technics for more adequate study 
might be required to resolve the points at 
issue. 

This investigation, designed to answer several 


¢ The studies, publications and recommendations 
of the Committee for the Evaluation of Anticoagu- 
lants of the American Heart Association will be 
designated in this report by the term, Committee. 
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Information Obtained from Clinical Records 


Date of admission 

Age 

Sex 

Results: lived or died 
Died: within 24 hrs. or later 


Shock 
Shock 40 
Congestive Failure 20-25 
Serious Arrhythmias 10-40 
Occas. vent. contract................... 10 
Peeg: wont. comlsact. <....0.0....cs0.060. OB 
Auricular tachycardia.................. 15 
Auricular fibrillation......... axe ae 
Auricular flutter....... SUL aes ee 30 
Vent. tachycardia. .............:....... @ 
Gallop Rhythm 15 
Examples: 


TABLE 1.—Information Obtained from Clinical Records, Ratings for Various Clinical Findings, and Method of 
Determining Path 


Pathologie Index Ratings 
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Congestive heart failure 

Serious arrhythmia 

Associated serious diseases: pulmonary, renal, othe 
History of serious vascular or other disease 


Associated serious diseases 10-2 


MN er ok hota Oh Mere Dau SoG 10-25 
RMN oe Sacer cin dnid gen ee oiaiee ..... 10-25 
Urinary tract infection.............. 10 
NOUN SES oP errdca nt ca outer 10 
Cerebral thrombosis ................. 10-25 
History of heart or vascular disease 10-30 

DARN oii nhs Axe ns ewes les 10 
Cardiac enlargement................. 15 
MR cst eta ose ha oe acai ..... 10-30 
Congestive failure................... 20-30 

bens 20-30 


Prev. coronary occlus.......... 


Patient entered in shock (40) with history of previous hypertension (10) and mild diabetes (10) P. I. R. —60 

Patient entered in shock (40), congestive failure (20) and ventricular tachycardia (40) with history of hyper- 
tension (10) and previous severe coronary occlusion (30) P. I. R. —140. 

Patient entered with negative findings (no shock, congestive failure, arrhythmia or associated serious disease) 


with history of hypertension (10) P. I. R. —10. 


of the preceding questions and to examine some 
questionable statistical practices exhibited in 
various published reports, consists of the fol- 
lowing four studies, each directly related to 
the general problem of routine anticoagulant 
therapy in acute myocardial infarction: (1) 
correlation of patient’s condition on admission 
with mortality rate, utilizing a quantitative 
method for determining degrees of illness; (2) 
ascertaining of the relationship of age to the 
mortality rate; (3) comparison of certain items 
in this group with similar items in the Com- 
mittee’s study,‘ using its technic and methods; 
(4) noting the effect of anticoagulant therapy 
upon the mortality rate in several hospitals 
during one year and comparing it with mor- 
tality rates in the preanticoagulant era. 


MeETHODS AND MATERIALS 


The clinical records of 1350 patients with coro- 
nary thrombosis and myocardial infarction, hos- 
pitalized in several hospitals in Houston from 1941 





to 1950, form the basis of this report. Only those 
records have been included in which the diagnosis 
could be reasonably substantiated from the electro- 
cardiograms, physical examination, history, clinical 
course and occasionally the postmortem examina- 
tion. Patients who suffered an infarction while 
hospitalized for other causes were not included. 
From those clinical records reviewed, the specific 
information noted in table 1 was extracted, classi- 
fied and analyzed in the following manner: 

1. Correlation of the Patient’s Condition on Ad- 
mission with the Mortality Rate. This was done by 
assigning a numerical value to certain specific ad 
mission clinical findings and historical data by a 
predetermined formula. The factors considered sig 
nificant were based upon previous studies of factors 
known to influence the mortality rate, and the actua 
number assigned to each factor was determined b 
the author’s clinical estimate of relative importance: 
of each in the prognosis, using former studies®: ° 
8, 9,10 as a guide. Although this is admittedly some 
what inexact (and others may wish to add othe! 
factors or weight them somewhat differently) ,* the 





* Only those factors which could be determined 
immediately at the bedside examination were con- 
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ad vantage of this quantitative determination is that 
all patients evidencing the same clinical findings re- 
ce ve the same rating, no matter whether they are 
in another group, hospital or city, and those find- 
in.s which are of greater prognostic significance are 
gi en greater weight in the final summation. The 
in practicability of determining the mathematically 
piecise role of each factor is discussed elsewhere." 
S$! ock was considered to be the most serious state 
ai d given a maximum value of 40. This number had 
ne special significance; any number could have been 
cl.osen. With this as a basis the clinical findings and 
h.storical data listed in table 1 were then assigned 
vlues according to what was considered to be their 
relative importance in causing death. The sum of 
tlese in each patient was designated the pathologic 
index rating. This rating was, therefore, a quasi- 
quantitative measure of the severity of the disease 
and the clinical status on admission, prior to insti- 
tution of therapy. In this study the pathologic index 
rating ranged from 0 to 140. For ease of statistical 
analysis patients were placed in one of five patho- 
logic index rating groups: 0 to 19; 20 to 39; 40 to 
59; 60 to 79; and 80 and above. These groups re- 
flected gradations in severity and would correspond 
roughly with the following clinical classifications: 
mild, moderate, moderately severe, severe, and criti- 
cally ill. These groups were then studied for mor- 
tality, age and other factors to be discussed. 

2. Determination of the Relationship of Age to the 
Mortality Rate. Early in the study it was observed 
that crude mortality-age statistics would confirm 
previous publications indicating increased mortality 
with increased age. The pathologic index rating 
technic was then utilized to provide groups of 
patients who were equally ill on admission. Each 
group was subdivided according to age into four 
classifications (30 to 45; 46 to 60; 61 to 75; and 76 
and above), and the number of patients and mor- 
tality rate of each age category was determined. 

3. Comparison of Certain Items in This Group 
with Items in the Study Sponsored by the American 
lleart Association,t Using Technic and Methods Ap- 
plied in that Study. Patients were placed in two 
groups, according to whether or not they were ad- 
initted on odd or even days. These groups were 
compared for total cases, average age, average age 
of males, average age of females, sex ratio, and 
iortality rate. This study was undertaken to deter- 
mine whether there would be any significant dif- 
lerence in any of the items compared between the 

ld and even day series, if a completely unselected 

roup were chosen consisting of approximately the 
ime number of patients as in the Committee’s 
udy. 

4. Study of the Effect of Anticoagulant Therapy 

pon the Mortality Rate in Several Hospitals during 
‘me Year. The mortality rate in each of three hos- 





dered. Laboratory and other aids, some of which 
‘e of prognostic significance were not included. 


pitals using anticoagulant therapy during the year 
1950 was studied and compared with the average 
mortality rate in each hospital the previous 10 years. 
In one hospital there was a large enough group of 
patients who received no anticoagulants so that 
comparison could be made with the anticoagulant 
group. In this study the mortality rate and percent- 
age of patients in each pathologic index rating group 
was determined. The average pathologic index rating 
for each hospital was calculated, and the theoretical 
or expected mortality rate corresponding to this 
rating was determined by using the preanticoagulant 
era Jefferson Davis Hospital mortality study as a 
basis. The actual rate in 1950 was then compared 
with the expected mortality rate. 


TaBLE 2.—Yearly Mortality Rate* in ‘‘Preanti- 
coagulant’? Decade (1940-1950) from Acute 
Myocardial Infarction 


Jefferson St. 
Year Davis Joseph’s 
Hospital | Infirmary 


South. 
Pacific 
Hospital 


Methodist 
Hospital 


1941 39 
1942 48 
1943 47 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


Average 


* Includes deaths within 24 hrs. 


RESULTS 


1. Correlation of Patient’s Condition on Admis- 
sion (Pathologic Index Rating) with Mortality 
Rate 


The mortality rate for each year for each 
hospital is noted in table 2. A study for the 
year of the highest (1945) and lowest (1946) 
mortality rate at Jefferson Davis Hospital indi- 
cates a majority of cases in the highest patho- 
logic index rating groups in the year of high 
mortality, and a preponderance of cases in the 
lowest pathologic index rating group in the 
year of low mortality (table 3). In the years of 
equal mortality (1947 and 1948) a close simi- 
larity in distribution of cases between the vari- 
ous pathologic index rating groups is noted 
(table 4). A definite relationship between the 
mortality rate in each hospital in 1950 and 
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the distribution of patients in the various path- 
ologic index rating groups is evident in table 
5. The mortality rate and percentage of cases 
in each pathologic index rating group in Jef- 
ferson Davis Hospital for the entire 10 year 
period is presented in figures 1 and 2. Excluding 
patients dying within 24 hours after admission 
to the hospital, the rate ranged from 8 per 
cent in the 0 to 19 (mild) group to 95 per cent 





TaBLE 3.—Comparison of P.I.R., Average Age and 
Sex Ratio in Years of Highest (1945) and Lowest 
(1946) Mortality Rates at Jefferson Davis Hospital 





1945 1946 
P.I.R. Groups \ 2 af - 2 a 
Pe 2/1218) 8 
0 A = Oo Q a 
0-19 6 1/17% 1) 1) 9% 
20-39 1 | 25%, 16 | 3 | 19% 
40-59 3, 2| 66% 5| 2 | 40% 
60-79 12 12 100% 8 | 8 |100% 
80+ 6 6 100%; 3! 3 100% 
BNO. AG ss aas 31 22 | 71%) 43 | 17 | 40% 
Mortality Rate*.. 71% 40% 
% Dead within 24 hrs.. 45 23 
Average Age....... 56 58 


% Males of Total..... 80 76 


Percentage of Patients in Various P.I.R. Groups 


0-39 33% 63% 


60+ 58% 26% 


* Standard error of the difference is 11. 


in the over 80 (critically ill) group. These find- 
ings, graphically presented (fig. 3), indicate an 
approximate straight line relationship between 
the seriousness of condition on admission and 
the mortality rate. The majority of patients 
(60 per cent) appear to be in the two mildest 
groups. 

Comment. The prognosis of a patient with 
acute myocardial infarction is determined to a 
large extent by the severity of his illness upon 
admission to the hospital. In the mildest group 
the mortality rate was 8 per cent, whereas in 
those critically ill the rate was 95 per cent. If 
the pathologic index rating were based upon all 
the factors affecting mortality, and each were 
accurately weighted, it is probable that a math- 
ematically precise straight line or parabolic 
relationship would be found to exist between 
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the seriousness of illness on admission and the 
mortality rate.* Ina study of a group of patients 
which would correspond to a pathological in- 
dex rating of 0, Russek? found the mortality 
rate to be 3.1 per cent. The theoretic curve 
might, therefore, be a straight line or quadratic 
parabola between 3 per cent mortality for a 
pathologic index rating of 0, to 95 per cent 
mortality for a rating of 95. 








TaBLE 4.—Comparison of P.I.R., Average Age and 


Sex Ratio in Years of Similar Mortality Rates 
(1947, 1948) at Jefferson Davis Hospital 





1947 1948 
P.LR. Groups w | a | 
PISslelsileies 
}a|& lsié & | g 
a | caeesclh creed nia Rika amen oy 
0-19 | 24} 3/| 13%) 5] 2| 40% 
20-39 | 7] 1] 14%) 10} 1 | 10% 
40-59 | 2} o| 0 | 4] 1| 25% 
60-79 15 | 14 | 93%] 7 | 5 | 71% 
80+ | 5 | 5 |100%) 5 | 5 |100% 
Total : 255 | 23 43%) 31 14 | 48% 
ae : : -| e 5 
Mortality Rate... ll 43% 43% 
% Dead within 24 hrs. 65 50 
Average Age.... x4 59 a7 
% Males of Total..... 66 77 


! | 


Percentage of Patients in Various P.I.R. Groups 


| 
0-59 | 68% | 61% 
60+ | 37% — 39% 


The hospital mortality rate for this disease 
is determined by the proportion of seriously ill 
patients to the total number of patients ad- 
mitted with acute myocardial infarction. Thus 
a charity hospital (Jefferson Davis Hospital) 
with an active emergency service which admits 
only seriously ill patients because of shortage 
of beds, is expected to have a high mortality 
rate (52 per cent) and also a high proportion of 
deaths (30 per cent) within 24 hours. A private 
hospital (Methodist Hospital), with no emer- 
gency service, which admits patients with no 
regard to severity (in recent years patients 
with mild illness have been admitted to the 
hospital for the sole purpose of obtaining anti- 


* This does not imply that a patient’s prognosis is 
not affected within certain limits by the quality of 
medical and nursing care and the proper use of various 
therapeutic measures—matters which require no dis- 
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coagulant therapy), should have a low mor- 
t lity rate (32 per cent) and comparatively few 
deaths within 24 hours (11 per cent). A private 
hospital (St. Joseph’s Infirmary) with a large 
energency service should have a mortality rate 
between the two (38 per cent). A specialized 
;rivate hospital such as a railroad hospital 
(Southern Pacific Hospital), which maintains 


average mortality rate which is largely de- 
pendent upon its criteria for admission and the 
type of patients treated. The yearly rate, how- 
ever, in each hospital will vary widely and will 
depend upon the proportion of seriously ill ad- 
mitted for that particular year—in addition to 
the chance variation of small samples. This 
would indicate that any study which draws 


TaBLE 5.—Correlation of P.I.R. with Mortality Rate* in Patients Treated with Anticoagulants in 1950 


Jeff Davis Hospital 


P. I. R. Group 


Deaths 


0-19 
20-39 
40-59 
60-79 

80+ 


~ 
— 


Methodist Hospital | 


Jeff Davis Hosp. 


So. Pacific Hospital No Anticoagulant 


Total All Hospitals | 


Deaths 





Total. 


Average P.I.R 47 
Expected Mort. Ratet 32% 24% 
Average Mort. Rate 

1941-1950*..........] 32% 22% 


Percentage of Patients in Various P.I.R. Groups 


0-19 11% 50% 
0-39 50% 76% 
60+ 33% 15% 


81% 47% | 
94% 74% | 50% 
0% 16% | 33% 


* Excludes deaths occurring within 24 hours of admission. 
+ Calculated from the Mortality Rate-P.I.R. Graph (fig. 3) by determining the rate (ordinate) corresponding 


with the average P.I.R. (abscissa). 


close supervision over company employees who 
venerally are in the prime of life, and where 
patients are admitted for convalescence after 
having been treated elsewhere during the acute 
vhase of their occlusion, thus eliminating the 
eriously ill who have expired, and where pa- 
ients may be admitted for evaluation of their 
»hysical condition prior to return to work fol- 
owing recovery from a coronary occlusion, that 
1ospital should have the lowest rate (10 per 
ent). Each hospital, therefore, will have an 


‘ussion. This study is concerned with the ‘‘patient 
actor’’—one which is often disregarded or minimized. 
Che rating is also not to be interpreted as indicating 
vhether a specific patient will live or die, but rather 
Ss a more objective means of determining mathe- 
aatical probability. 


conclusions solely on the basis of a difference 
in mortality rate from a preceding year is 
likely to be in error because of the extreme “‘nor- 
mal’’ variation of rates from year to year, due 
largely to the constantly fluctuating proportion 
of seriously ill patients admitted. 


2. Relation of Age, Pathologic Index Rating and 
Mortality Rate 


Figure 4 indicates the average age of males 
and females in each pathologic index rating 
group. It is noted that the average age in- 
creases for both males and females in the higher 
pathologic index rating groups and that in four 
of the five groups the average age of females 
is higher than males. The mortality rate in 
-ach pathologic index rating group, subdivided 
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according to age groups, is indicated in table 6. 
Apparently, in patients whose clinical condition 
on admission is similar, there appears to be 
little difference in the mortality rate between 


MORTALITY RATE OLN THE DIFFUSE U.THOLOGIC TNDEX Ghulis -- 





ow 20-30 9 wT 


Fig. 1. Mortality rate in the different pathologic 
index groups, excluding deaths occurring within 24 
hours of admission to the hospital. 


PERCENTAGE 









0-19 20-39 40-59 60-79 
Pathologic Index Groups 


Fic. 2. Distribution of cases according to pathologic 
index groups. 


the various age groups from 30 to 75. The 
slight deviations may be explained by the non- 
specific increase in mortality rate associated 
with increasing age, and the chance variation 
of small samples.* However, over the age of 


* These conclusions are tentative pending a study 
of a larger series. 
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75 there is a significant increase in mortality 
rate in each pathologic index rating grou», 
This finding is somewhat similar to actuari.| 
tables of mortality, and may also be indicati: e 
of the nonspecific effect of advanced age rath:r 


100 


Mortality 





2 wo 


w 
Pathologic Index Rating 





Fig. 3. Correlation of mortality rate with pathologic 
index rating. 
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Fic. 4. Average age of males and females in differen! 
pathologic index groups. 


than an unusual increase in the death rate du 
to the disease itself. This presumption appeal 
to be supported by a preliminary study of a 
unselected group of patients admitted to th: 
medical service for all diseases in which th: 
mortality rate of those above 75 years of ag 
seems to be significantly higher than those i 


p 
tl 
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th: younger age groups.f A greater proportion of 75, when the rate is doubled. To determine 
of vounger persons is in the lower pathologic whether the patient’s age significantly affects 
in ‘ex rating groups, while older persons are recovery from any disease, the nonspecific in- 
mre likely to have higher pathologic index creasing death rate associated with advancing 
ra ings. Young persons with high pathologic age must first be discounted. The reason a 
in ‘ex ratings have higher mortality rates than higher proportion of older persons are in the 
ol ‘er persons with low index ratings. higher pathologic index rating groups is prob- 

‘omment. Crude mortality statistics indicate ably due to the fact that they have had more 
that with increasing age there is increased mor- years to develop the ills and infirmities that in- 
tity from acute myocardial infarction. In the crease the pathologic index rating and lower life 
p.st this has seemed to indicate that the pa- expectancy. Thus it would appear that a man 
tivut’s age is an important factor in causing 60 years of age would have approximately the 


6.—Mortality Rate* Correlated with Age and P.I.R. at Jefferson Davis Hospital 


| 20-39 40-59 60-79 80+ 

cil Expected 
| 4 Mean Mort. 

Rate. 


Deaths 
| Deaths 
| Deaths 

Deaths 


| 


30-45 100%| 30%| 35 27% 
100%| 75 122% 25% 

83% 94 | 34 136%) : 29% 
100% 19 80% 56% 


30% 
16-60 19% 
61-75 | 6 38% 9 
76+ ahs 57% 6 


wm by 
28 


co 0 Ore 


29% 


Total...) 71 | 6 | 8 j bs 33% 25 | 20 21 | 20 | 95% 230 33% 


Percentage of Patients in Different Age Groups Correlated with P.I.R. 


Age Group | 0-39 P.ILR. Group 60+ P.LR. Group 


30-45 70% 13% 
46-60 66% | 14% 
61-75 61% 21% 
76+ 16% 47% 


* Excludes deaths occurring within 24 hours of admission. 


death from this disease. This study indicates same chance of recovery as one 45 years of age 
that inereased age usually reflects a higher (discounting the nonspecific decrease in life ex- 
pathologie index rating, that is, that these pectancy), if the clinical conditions of both on 
patients are more seriously ill on admission admission were the same (that is, the pathologic 
and that the increased mortality is due to this index ratings of both were similar), but the 
inet, rather than to age, per se. However, in prognosis for recovery of either would be twice 
patients who are equally ill on admission age as good as the man of 76 who entered the hos- 

ypears to have no more striking effect upon pital in a comparable clinical state. 
‘ mortality rate in this disease than it has There is apparently an erroneous belief that 
any other serious disease requiring hospitali- two groups may be considered to be equal in 
tion, except possibly in those above the age severity of illness if the average age and the 
~ - sex ratio is similar. Averages may mask sig- 
| Of 386 consecutive cases admitted to the medical nificant differences which can be revealed by 
vice and classified into age groups, the mortality distribution curves. Thus it is possible tea 

e for each group was as follows: 14 to 30 years, c We ie 
ver cent; 31 to 45 years, 12 per cent; 46 to 60 years, two groups of patients may have the same 
per cent; 61 to 75 years, 35 per cent; above 75 average age but dissimilar mortality rates be- 
irs, 45 per cent. cause of a preponderance of patients over 75 
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years of age in one series. Sex apparently affects 
the mortality rate through the age factor, fe- 
males being approximately five years older than 
males with equivalent illness. The sex ratio of 
itself is of no prognostic value. The evidence 
for these statements is given in table 3 and the 
following example. If two groups of patients 
are selected, one (series A) consisting of 15 
males and 5 females with an average age of 55 
for the males and 60 for the females, and 
another group (series B) of 30 males and 10 
females whose average age is 50 and 76 re- 
spectively, even though the average age of 
each group is the same (56) and the sex ratio 
is similar (3:1), the mortality rate in series B 
will be “‘significantly”’ greater than in series A 
because of the preponderance of elderly females 
with high mortality in that group. The dif- 
ference in the rate would therefore be due to an 
unusual “selection”? of cases which would not 
be disclosed by computing the average age or 
sex ratio. 

The disagreement between the conclusions 
of the Committee of the American Heart Asso- 
ciation and Russek concerning the subject of 
age and prognosis is apparently an illusion, 
since each has viewed the problem from a 
different aspect. The findings in this study 
confirm several of their observations and may 
be summarized as follows: (1) The average age 
of seriously ill patients admitted to the hospital 
is higher than the age of those less seriously ill 
and this is reflected generally in a higher mor- 
tality rate in the older age group. (2) A greater 
proportion of the younger age group is found 
to be mildly ill on admission, in contrast to the 
older age group, the majority of whom are 
likely to be more seriously ill. (3) The average 
age of female patients is higher than male pa- 
tients generally, and probably in the five groups 
which reflect increasing severity of illness. (4) 
In patients who are equally ill on admission, no 
unusual difference in the mortality rate from 
this disease is found between any of the age 
groups except in those above 75 years of age 
when the rate appears to be doubled. (5) 
Seriously ill young persons have a higher mor- 
tality rate than less seriously ill older patients. 
(6) The condition of the patient on admission 
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to the hospital is a vastly more important 
determinant of prognosis than the patient’s age. 

This study suggests an additional interpret:- 
tion of the Committee’s observation that an:i- 
coagulants were effective in lowering the mcr- 
tality rate in those above 60 years of age, 
whereas there was no significant decrease n 
mortality in the younger age group. Since it 
has been shown that age reflects severity of 
illness on admission to the hospital, it wou'd 
appear that routine anticoagulant therapy hed 
no effect upon the mortality rate in the mild!y 
ill, but may have been effective in lowering 
the rate in the seriously ill. Actually, this 
analysis of their findings parallels the judgment 
of many experienced clinicians who do not 
favor routine anticoagulant therapy for mildly 
ill patients, but believe it may be prescribed 
for those seriously ill without regard to age. 
This policy, which is compatible with the Com- 
mittee’s findings, would appear to be preferred 
to any indications for therapy based primarily 
or solely upon the age of the patient. 


3. Results of Anticoagulant Therapy 


Table 5 indicates the result of anticoagulant 
therapy in three hospitals during the year 
1950.* In one hospital (Jefferson Davis) there 
were a number of patients who did not receive 
anticoagulants. The results in this group are 
also presented. A comparison of the mortality 
rate in each hospital reveals little difference 
from the average mortality rate of the past 10 
years in that particular hospital. However, this 
may be a fortuitous circumstance. If the aver- 
age pathologic index rating is obtained for each 
hospital and the theoretical or expected mor- 
tality rate corresponding to this rating is de- 
termined by using the 10 year Jefferson Davis 
Hospital graph as a basis, the actual and ex- 
pected mortality rates are found to be 
surprisingly similar. This might indicate that 
the graph could be used as a basis to determine 
significant shifts in prognosis due to new 
therapies or procedures. During 1950, however, 





* Dicumarol was the anticoagulant used in ove 
90 per cent of the cases. Whether similar finding 
would occur with the newer anticoagulants is a mat 
ter for further investigation. 
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an icoagulant therapy did not appear to alter 
sig iificantly the prognosis of patients with 
m ocardial infarction. A similar study for 1951 
a! | 1952 is presently underway and will be the 
su ject of a future communication.* 

[he mortality rate in each hospital, as noted 
p! ‘viously, appears to be closely related to the 
di tribution of cases in the groups with high 
ai d low pathologic index ratings. Thus the low 
mortality rate for the Southern Pacific Hos- 
pial is due to the high proportion of cases in 
the 0 to 39 pathologic index group, whereas the 
high mortality for Jefferson Davis Hospital can 
be attributed to the preponderance of cases 
in the groups with high pathologic index 
ratings. The anticoagulant and no anticoagu- 
lant groups at Jefferson Davis Hospital appear 
to have the same proportion of cases in the 
high and low pathologic index rating groups 
and fairly similar average pathologic index 
ratings. They would, therefore, be strictly com- 
parable, and one would be able to draw a 
definite conclusion if the series were larger. In 
this small series, however, there appears to be 
no significant difference in mortality between 
the treated and nontreated groups. 

Comment. The negative results obtained in 
this study suggest one of two conclusions: (1) 
Anticoagulants have no appreciable effect upon 
mortality. (2) Anticoagulants are used inef- 
fectively. 

To determine whether the latter was true, 
the record librarian in each of three hospitals 
was asked to select any 10 clinical records of 
patients with acute myocardial infarction who 
received anticoagulant therapy. Prothrombin 
determinations during the first 48 hours were 
not included. It was found that 66 per cent of 


* It should be noted that no attempt was made to 
‘udy the incidence of nonfatal thromboembolism, 
important consideration in anticoagulant therapy. 
ice the frequency of the diagnosis is related to the 
uminer’s index of suspicion, it was believed that 
y conclusions derived from a study of clinical 
‘ords in which this factor is undetermined and un- 
itrolled could not be considered valid. This sub- 
t is discussed in greater detail elsewhere in this 
ort. However, these objections do not apply to a 
dy of death rates since the end point is definite, 
‘quivocal and not subject to diagnostic errors. 


496 daily determinations were outside of what 
is generally considered to be the “effective” 
range which is 10 per cent to 24 per cent activ- 
ity.* Actually, the precise range in which clot- 
ting will be inhibited in vivo is uncertain and 
still remains a matter of clinical conjecture. In 
none of the 30 cases was the prothrombin activ- 
ity within the effective range during the entire 
course of therapy. The extreme variability of 
response of patients receiving an identical dose 
of Dicumarol and the inability to predict in 
advance the effect of a given dose upon the 
prothrombin time were confirmed in this study. 
These findings might also indicate that in this 
community because many physicians are not 
completely convinced of the value of this 
therapy or are concerned about its dangers, it 
is prescribed half-heartedly and only because 
such treatment is “expected.” The following 
conclusions would appear to be valid: (1) It 
was most difficult to maintain the prothrombin 
activity within the prescribed range. (2) Pa- 
tients were ‘“‘protected” less than half the time 
while under therapy and were predisposed to 
hemorrhage approximately one day per week. 
(3) Since all patients had one or more de- 
terminations outside the effective range, the 
occurrence of a thromboembolic episode during 
therapy could always be explained by anti- 
coagulant enthusiasts. 

It may be concluded, therefore, that the 
absence of a significant difference in mortality 
between the group receiving anticoagulants and 
the control groups in this study may be due 


* Approximately 2000 additional daily determina- 
tions yielded fairly similar results. 

+ Recent reports of a rebound phenomenon caus- 
ing hypercoagulability of blood following discontinu- 
ance of anticoagulants suggests an additional hazard 
in this therapy. Previously the occurrence of a throm- 
boembolic episode immediately after cessation of 
anticoagulant therapy might have been interpreted 
as evidence of (1) the protective value of anticoagu- 
lants and (2) the need for long-term and possibly 
indefinite treatment. These reports suggest (1) throm- 
boembolism might never have occurred if anticoagu- 
lants had not been prescribed; (2) a more conservative 
approach may be desirable in view of the many 
unexplored facets of this problem; (3) more searching 
studies are needed to determine which group of pa- 
tients actually requires prophylactic therapy. 
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either to the ineffective use of anticoagulant 
drugs, or to the ineffectiveness of anticoagu- 
lants in general, or both. However, it should be 
noted that this particular aspect of the problem 
of routine anticoagulant therapy has received 
little or no attention in the medical literature. 
Reports of studies indicating the beneficial 
effect of this therapy which also present data 
concerning the efficiency of anticoagulant treat- 
ment as reflected in daily prothrombin de- 
terminations are meager indeed. If the 
unpublished experience of others parallels ours, 
it would be hard to conceive of anticoagulant 
therapy producing all the prophylactic effects 
attributed to it in patients whose “‘control”’ is 


TaBLeE 7.—Comparison of Houston* and 
American Heart Associationt Statistics 


| Houston Wright 
Pe Even | Odd 
Even | Odd | , control) | (treated) 
Total Cases. . | 320 | 304 | 365 432 
Average Age... ..| 59 | 58 60 59 
Average Age Males....| 58 | 57 58.9 57.2 


Average Age Females 62 | 62 64.1 | 64.6 


Ratio Males to Total. 67 71 77 76 
‘“‘Severe Cases’’.... —|j— 23% 30% 
Mortality Rate.. .o| 241 3 24 15 


* Jefferson Davis and Methodist Hospitals ex- 
cluding deaths occurring within 24 hours of ad- 
mission. 

+ Initial Report (Am. Heart J. 36: 801, Dec. 1948). 


so irregular, inadequate and uncertain, unless 
many former teachings are drastically revised 
concerning the “effective range” and the neces- 
sity for maintaining patients constantly within 
its limits. 


4. Comparison of Our Findings with the Com- 
mittee’s Study 


Table 7 summarizes the Houston findings 
and compares them with the Committee’s 
initial report. In all items studied there appears 
to be no significant difference between the odd 
and even day groups. It confirms previous 
reports that the average age of females with 
acute coronary thrombosis is greater than 
males, and approximately three of every four 
cases are males. The distribution of cases be- 
tween the odd and even days is in accord with 
what should be expected in a random sampling 
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from a single universe without selection: viz,, 
the expected number of patients in the even 
group is 1.1 times the standard error of the 
theoretic number. 

Comment. Recent objections have been rai-ed 
to the Committee’s studies because of ‘he 
probability that the cases in this study wre 
not selected at random. Rytand,"* in discuss: ng 
the Committee’s follow-up report!® in which ‘he 
odd day or treated group consisted of 589 
cases, and the even day or control group ccn- 
sisted of 442 cases, noted that the excess of 
treated cases was 3.9 times the standard error 
of the theoretical number expected in a coin- 
plete random selection of cases. Anything |.e- 
yond 3 times the standard error is considered 
significant, cannot be attributed to chance, and 
indicates the likelihood of selection of cases, 
rather than random sampling. ‘Frequencies 
differing from the expected frequency by more 
than 3 times the standard error are almost 
certainly not due to fluctuations of sampling. 
They point to some departure of the sampling 
from simplicity, which may in turn point either 
to some flaw in the sampling technique or to 
causal effects in the universe itself.’”"” Since a 
comparable study of a similar universe in 
Houston yielded a probable error well within 
the range expected of a random sampling, it 
may be concluded that the Committee’s figures 
are not due “to causal effects in the universe 
itself’ but rather “to some flaw in the sampling 
technique.” This objection, if sustained, would 
invalidate, or at least cast suspicion upon the 
conclusions derived from the study made by 
the Anticoagulant Committee. 

The difference in mortality rate in the Ameri- 
‘an Heart Association study between the 
treated and untreated group is 7.4 per cent 
(23.4 per cent mortality in controls and 16 per 
cent in the treated group). It has been shown 
in our study that in a single hospital the mor- 
tality rate varied from 8 per cent to 95 per 
cent, a difference of 87 per cent, by selecting 
cases according to the degree of severity of 
illness on admission. In addition, the mortality 
rate from this disease reported in the literature 
has ranged from 8 per cent!® to 78 per cent. 
and in one year from 0 per cent at Southern 
Pacific Hospital in 1945 to 71 per cent in the 
same year at Jefferson Davis Hospital although 
these series are small, the findings are statist - 
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cu ly significant and indicate that patient selec- 
tin is a most important determinant of the 
n ortality rate. It would appear, therefore, that 
i1 any study of the effects of any new therapy 
u on mortality in this disease, the groups com- 
p red must be proved to be of equal severity. 
Even a slight difference between the two may 
b reflected in a difference in mortality which 
nay be incorrectly attributed to therapy or 
o: her factors. Previous studies on mortality in 
acute coronary thrombosis, including several re- 
cout studies on the effect of anticoagulant ther- 
apy, apparently have paid too little attention 
tv this important factor, perhaps hoping that 
the odd and even days, or alternating case tech- 
nie might equalize the two groups. Although 
equivalent groups are more likely to be ob- 
obtained by this method, the presence of a 
matched series cannot be assumed but must be 
proved in each case. A “statistically significant” 
difference merely means that the difference in 
mortality between two groups is greater than 
one would expect from two random samples 
from the same universe, but this could just as 
well be due to an unequal selection of cases as 
to a specific therapy. Since the Committee’s 
study was a cooperative effort of many clini- 
cians in 16 different hospitals, each of whom 
probably had his own criteria for degrees of 
severity, the figures indicating that the treated 
group generally was a more severely ill group 
than the control might be open to question.* 
According to Hill,’ such qualitative determina- 
tions by a large group of individuals who have 
no definite or uniform criteria for guidance may 
well lead to an erroneous conclusion. 

The Committee’s study of mortality by 
veeks of illness indicates that the control group 
iad a higher mortality rate during the second 
eek than the first, and a higher rate for the 
ourth week than the third, determined by the 
sumber of deaths per 100 survivors from the 

evious week. This finding is not in accord 
\\ith clinical experience which indicates the 

nger one lives following acute coronary 


* In addition, no information has been presented 

ich indicates whether a decreased mortality trend 
\ s characteristic of each of the hospitals, or whether 

: general findings were due to an ‘‘unusual’’ de- 

ase in mortality in a small minority of the hos- 
) als studied. 


thrombosis the greater are the chances of re- 
covery, and the established fact that the highest 
mortality rate occurs during the first week when 
determined by any statistical method. The 
treated group, however, showed the expected 
type of curve. One could well argue that since 
the mortality rate in the control group in the 
Committee’s study does not coincide with the 
curve expected from past clinical experience, 
this may be additional evidence of the presence 
of a selected group, rather than a random 
sampling. 

The difference in the mortality rate between 
the treated and control groups, according to 
the Committee, is due to deaths from thrombo- 
embolism. It is generally agreed that the clinical 
diagnosis of several thromboembolic phenom- 
ena is difficult, often inaccurate, subject to 
errors of omission and commission and directly 
related to the examiner’s index of suspicion.*” 
Thus far, no postmortem studies have been 
presented to confirm those impressions relating 
to the increased incidence of fatal thrombo- 
embolism in the control group, nor has there 


been any mention of the accuracy of clinical 
diagnosis of nonfatal thromboembolism as 
verified by surgical and autopsy studies. It 
would appear, therefore, that since the crucial 
evidence has not been produced to date, any 
conclusions regarding this aspect of the Com- 





* Superficial thrombophlebitis, cerebral and reriph- 
eral arterial emboli can generally ke accurately diag- 
nosed. However secondary myocardial infarctions 
due to extension, pulmonary infarction especially 
in the presence of myocardial failure and _pul- 
monary congestion, and phlebothrombosis are sub- 
ject to diagnostic errors. In the study by the Com- 
mittee on Anticoagulants 18 per cent of thrombo- 
embolic episodes in the control group were of the 
easily diagnosed variety, whereas 82 per cent were of 
the difficult type. In the treated group the decrease 
in thromboembolism appears to be almost completely 
confined to the group in which the diagnosis is often 
questionable. A possible additional psychologic 
source of error is the unconscious bias of the medical 
examiner due to his increased suspicion of the pres- 
ence of thromboembolism in patients not receiving 
anticoagulants, and the likelihood of an excessive 
number of potentially misdiagnosed psychosomatic 
complaints in ‘control’? patients anxious about 
not receiving the “clot removing”’ drug. In a prop- 
erly controlled study using the “blind’’ technic 
neither the examining physician nor the subject would 
be aware of the group to which the patient is assigned 
until the study had been concluded.'8 
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mittee’s report can only be accepted with reser- 
vations at this time. 


DISCUSSION AND CONCLUSIONS 


1. A method for quantitative determination 
of degrees of illness in acute myocardial infare- 
tion is presented and termed “pathologic index 
rating.” 

2. The Pathologic Index Rating, determined 
on admission to the hospital, is found to be 
closely related to the mortality rate. In one 
hospital the mortality rate ranged from 8 per 
cent in the mildest group to 95 per cent in the 
critically ill group. 

3. The average yearly mortality rate for 
acute myocardial infarction over a period of 
years in a designated hospital is a reflection of 
its criteria for admission and the type of patient 
treated. The yearly mortality rate varies widely 
and depends upon the proportion of seriously ill 
admitted to the total number admitted for 
that particular year. 


4. Age as a prognostic factor in acute myo- 
cardial infarction has little significance, except 


as it may indicate a more serious condition on 
admission to the hospital. In patients who are 
equally ill on admission, no important dif- 
ference in the mortality rate is found between 
any of the age groups except in those above 75 
years of age when the rate is doubled. Older 
persons have higher crude mortality rates be- 
cause a greater proportion are seriously ill on 
admission. 

5. The mortality rate of patients treated 
with anticoagulants in three hospitals during 
1950 was similar to the average mortality in 
each during the preceding 10 years. In one 
hospital a comparison of the treated and un- 
treated groups with similar pathologic index 
ratings showed no significant differences in mor- 
tality. The mean pathologic index rating for 
each hospital was determined, and the mor- 
tality rate corresponding to it in the preanti- 
coagulant days was found to be similar to the 
actual mortality rate in 1950 following the use 
of anticoagulant therapy. 

6. Ina random selection of patients in this 
community receiving anticoagulant therapy, 66 
per cent of all daily prothrombin determina- 
tions were found to be outside the effective 


range, and during one day each week patien’s 
were predisposed to hemorrhage. 

7. There would appear to be _ insufficie:t 
reason to use anticoagulant therapy in the low 
(8 per cent) mortality group. If one of eveiy 
four deaths from acute coronary thrombosis ‘s 
due to thromboembolism, then theoretically 
only two out of 100 patients in this group may 
be saved.* However, since anticoagulants 1 
practice are neither 100 per cent efficient, ner 
effectively used, possibly at most only one 
death in 100 may be prevented, whereas tw 
patients would be expected to have majc: 
hemorrhage.” Routine anticoagulant therapy 
in this group, therefore, would subject 99 pz- 
tients to the danger, inconvenience and expense 
of the treatment, in order to possibly prevent 
one fatality. In addition, the Committee’s 
study appears to indicate that anticoagulants 
had no effect upon the mortality rate in the 
mildly ill. 

8. The literature contains many papers indi- 
cating errors in statistical thinking, among 
which the following are a few examples: (a) 
Comparing crude mortality figures in one year 
with those in a previous year and attributing 
the difference to a new therapy. (b) Comparing 
the mortality rate in two groups of patients in 
the same hospital and attributing the difference 
in rate in the two groups to therapy without 
determining whether the two groups are of 
equal severity, had identical treatment by doc- 
tors, nurses, dieticians, and others. (c) Sug- 
gesting that two groups are of equal severity 
because the average age and sex ratio are 
similar. These easily measured factors can not 
be substituted for the actual determination of 
the patient’s condition on admission. They are 
only indirectly related to the mortality rate 
and by themselves do not prove the existence 
of prognostically comparable groups. Moreover, 
it has been shown that averages can mask 
significant differences which may be revealed 
by distribution curves. (d) Misunderstanding 
of the term “statistically significant.” This 
means that a difference in mortality foun: 


* This assumes the ratio to be the same for th? 
mildly ill as for the unselected group, which is un- 
likely. 
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bi tween two groups is probably not due to 
chanee, but rather to some other factor which 
c ald be unequal selection of cases, special 
a'tention to one group, etc., as well as the use 
0 particular drugs. When statistical signifi- 
« nee has been shown, it then becomes im- 
p-rative to determine whether any one of the 
pany factors affecting mortality is responsible 
fir the difference before it can be attributed to 
the drug or procedure under investigation. 

9. Certain objections to the Committee’s 
siudy were raised: (a) Cases in the treated 
and untreated groups do not appear to be 
random selections. (b) It was not shown con- 
clusively that the control and treated cases 
were of equal severity. (c) Mortality statistics 
by weeks of illness in the control group were 
not in accord with past experience. (d) The 
clinical diagnosis of thromboembolism is dif- 
ficult, often inaccurate, subject to errors of 
both commission and omission and directly 
related to the examiner’s index of suspicion. 
Conclusions from statistics based upon ques- 
tionable data, without pathologic confirmation, 
can only be accepted with reservations. (e) No 
postmortem studies have been published to 
support the statement that the difference in 
the mortality rate between the treated and 
untreated groups was due to an increased 
incidence of fatal thromboembolism in the un- 
treated group. 


SUMMARY 


1. No adequately controlled, statistically 
valid study has been published to date which 
indicates unequivocally that routine antico- 
agulant therapy in acute myocardial infarction 
decreases the mortality rate in all classes of 
patients from the mildly ill to the seriously ill. 

2. The published reports of reduced inci- 
‘ence of thromboembolism in treated groups 

compared with control groups have not 

uclusively demonstrated that the decrease is 
‘holly attributable to anticoagulant therapy 
ther than to such other factors as erroneous 
ignosis, unconscious bias of the medical 
iminer and deviations from the stringent 
juirements of truly controlled studies. 

3. Unless additional evidence to the contrary 

is presented, there would appear to be little 


reason to prescribe anticoagulants routinely in 
persons who are mildly ill in view of the low 
mortality, as opposed to the expense, incon- 
venience, dangers and the universal difficulty 
of maintaining constantly “effective” pro- 
thrombin blood levels due to present inade- 
quate drugs and/or other factors. 

4. In the more seriously ill patients, the 
theoretical advantages of anticoagulant ther- 
apy justify this treatment even though there 
may be some question as to whether its value 
has been clearly demonstrated. 


ACKNOWLEDGMENTS 


The author is grateful to Dr. James A. Greene 
for advice and encouragement; to Miss E. J. Mac- 
Donald, statistician of the M. D. Anderson Hospital; 
to Dr. M. D. Levy for permission to use the records 
of the Southern Pacific Hospital, and to the following 
record librarians for their wholehearted coopera- 
tion; Miss Jewel Berner of Jefferson Davis Hospital, 
Sister Vera of St. Joseph’s Infirmary, Miss Winnie 
King of Southern Pacific Hospital, and Mrs. Inet 
Gilbert and Miss Margaret Goggan of Methodist 
Hospital. 


SUMARIO ESPANOL 


Este estudio de 1350 pacientes con infartos 
agudos del miocardio admitidos a diferentes 
hospitales durante un periodo de 10 afios intenta 
a contestar algunos de los problemas actual- 
mente en disputa; i.e., correlacién del estado 
del paciente al ser admitido con la proporcién 
de mortalidad, relacién de la edad del paciente 
al prondéstico y el valor del tratamiento con 
anticoagulantes. Presenta las objeciones esta- 
disticas mayores al estudio del Comité para la 
Evaluacién de los Anticoagulantes de la Asocia- 
cién del Corazén Americana, debate la evi- 
dencia mediante la cual el Comité hiciera sus 
recomendaciones y concluye que prueba incon- 
trovertible de las ventajas del uso rutinario de 
anticoagulantes en pacientes moderadamente 
enfermos en el momento de admisidén al hospital 
no se ha presentado atin. 
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A Study of Reflex Venomotor 


Reactions in Man 


By Joun J. Duaean, M.D., V. Logan Love, M.D., anp Ricuarp H. Lyons, M.D. 


By the use of simple clamps, a segment of a forearm vein was temporarily isolated from the circu- 
lation so that change in pressure within the segment measured change in venous tone. Reflex veno- 
constriction was elicited by appropriate stimuli. These reactions could be blocked by interruption 
of the sympathetic pathway to the vein under study. The magnitude of the responses obtained 
supports the concept that neurogenic venomotor reactions may be quantitatively significant in 


circulatory adjustments. 


ONSIDERATIONS of cardiovascular 

adjustments are commonly concerned 

with the responses of the heart and 
arterioles with less regard for the remainder of 
the circulatory system. However, the larger 
part of the total blood volume lies within 
veins! and the larger part of the venous system, 
including the splanchnic and superficial vessels, 
is provided with smooth muscle and with 
autonomic innervation.2 Thus, there is an 
anatomic basis for neurogenic venomotor tone 
and for reflex venomotor reactions which will 
affect the capacity of, or pressure in, an 
important segment of the circulatory system. 
Methods for measuring the contribution of the 
reactile veins to circulatory homeostasis are 
not at hand, but the potential importance of 
these vessels is apparent. 

In animals, venomotor nerve fibers have 
been shown to be part of the sympathetic 
outflow,*)4 and veins have been found to 
participate in a number of circulatory re- 
actions.® 7 In man, the demonstration of 
specifically venous reactions is difficult. Venous 
pressure cannot be accepted as a direct index 
0! venous tone for it is also influenced by other 
fuctors, notably the competence of the heart, 
tie state of the small vessel circulation and the 
t.tal blood volume.! Lewis and Landis* ob- 

rved that the veins in a sympathectomized 

iremity were larger than those on the un- 


‘rom the Department of Medicine, State Uni- 
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operated side, the pressures being equal, and 
inferred that the removal of sympathetic 
innervation led to diminution in venous tone. 
The plethysmographic technic of Capps’ did 
not distinguish venous from capillary and 
small vessel responses. In a single subject, 
Doupe and co-workers" were able to isolate a 
segment of forearm vein from the circulation. 
However, these investigators were able to 
demonstrate change in pressure in the segment 
only in response to a blast of cold air to the 
exposed body, and this response amounted to 
only 3 to 4 mm. of water. 

This study was undertaken in order to 
demonstrate reflex reactions in an accessible 
venous bed, and to identify the efferent nervous 
pathway involved. 


MATERIALS AND METHODS 


Eight subjects were found to have suitably long 
segments of forearm vein, without communicating 
vessels, which could temporarily be isolated from 
the circulation. These included five normal young 
men, ranging in age from 24 to 29 years; two men 
of 32 and 28 years, with normal cardiovascular 
systems, convalescent from peptic ulcer and pneumo- 
coccal pneumonia respectively; and a man of 54 
years, an alcoholic, with nutritional deficiency. 

Fisher Castaloy Versatile Clamps were applied to 
the forearm in such a fashion that a rubber stopper 
fitted to the single prong would occlude the vein on 
the volar aspect of the forearm when pressure was 
applied (fig. 1). It should be noted that the op- 
posing prongs closed against the ulna so that the 
general venous return from the forearm was not 
compromised. Commonly, the vein selected was 
such that a valve maintained the compartment dis- 
tally, so that only a single clamp was necessary. A 
1 inch, 20 gage needle was inserted into the vein to 
be studied through a small procaine wheal at the 
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distal limit of the compartment, and connected 
through a three-way stopeock with an infusion 
bottle of heparinized saline and a Sanborn electro- 
manometer. Pressure within the vein and a pneumo- 
gram were simultaneously recorded on a Sanborn 
Polyvisocardiette. 

The integrity of the venous compartment was 
tested before and after each procedure. It was 
assumed to be intact when there was no inflow from 
infusion bottle at a height of 1 meter above the vein. 
The initial pressure was found to be determined 
largely by the pressure applied externally to the 
vein by the occluding clamp, and was commonly 
of the order of 45 to 50 mm. Hg. It ranged from 36 
to 60 mm. Hg with a mean value of 47 mm. Hg. 
Further, the responses were quantitatively variable 
in a given normal subject from day to day and 
from hour to hour, even though the external en- 
vironment was kept essentially constant. These 
observations preclude use of the technic as a measure 





























Fic. 1. Venogram demonstrating a suitable venous 
segment. A 12 em. segment of forearm vein is shown 
to be free of communicating vessels by injection of 
contrast medium under pressure. For clarity, digital 
pressure was used for proximal occlusion. 






of an absolute level of venomotor tone. However, 
acute changes in tone are reflected by changes in 
pressure within such a segment, since the volume 
of contained blood remains constant. 

The stimuli used were of a simple sort: inspiration 
against the resistance of pursed lips''; immersion of 
the opposite hand in ice water for one minute”; re- 
breathing of a 5 per cent carbon dioxide-95 per cent 
oxygen mixture from a standard Benedict-Roth 
machine, with the soda lime removed; and voluntary 
hyperventilation. No sedatives were used, except 
for 100 mg. of Seconal before stellate ganglion 
block. The effect of apprehension was observed on 
oceasion. Procaine, 1 per cent, was used for peri- 
venous and _ stellate infiltration. Tetraethylam- 
monium chloride was given intravenously in a dos- 
age of 7 mg. per kilogram of body weight. 


RESULTS 


1. Inspiration Against Resistance. Increases 
in pressure in the segment under study ranged 
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from 4 to 24 mm. Hg.* This maneuver was 
used repeatedly and a venoconstrictor response 
was consistently obtained. The response wis 
transient and served as a quick check on tie 
integrity of the compartment, for geneial 
venous pressure falls during inspiration. 

2. Apprehension. The effects of apprehensicn 
were observed fortuitously, usually when the 
subject was approached with ice water or a 
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Fig. 2. Change in pressure in isolated venous seg- 
ment in response to apprehension and to immersion 
of the opposite hand in ice water. 


TaBLE 1.—Increase in pressure, in millimeters of 
mercury, within isolated segment of vein in response 
to various stimuli. Each of the ice water and carbon 
dioxide studies was done during an individual period 


of occlusion and each fad its own baseline level. 
Test 
Subject 


Inspiration 
Against Resistance 


‘— cent 
arbon 


Dioxide 


Ice Water 






5, 16, 17, 4, 4,8 , 12, 8, 22,14 | 17, 20 
2 |6 36 12 

3 | 6,24, 16 44 14, 52 
{ 18 20, 30, 26 

5 | 11,8 40, 26, 36 16 

6 10,8, 10, 10 12, 10 

, |e? 8,7, 10 

8 |6,8 12, 16 7, 10 


needle. The most impressive reaction was seen 
in a medical student who had had previous 
painful experiences with cold water (fig. 2). 

3. Immersion of the Opposite Hand in Ice 
Water (fig. 2). Increases in pressure ranged from 
7 to 44 mm. Hg. (See table 1.) It was our 
impression that the effective stimulus was pa n 
rather than cold, although both stimuli m:y 
have been operative. Response was greate:t 


* The individual readings are shown in table 1. 
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in those who experienced significant pain, 
le st in those who were not much disturbed. 

1. Rebreathing of 5 Per Cent Carbon Dioxide— 
§ Per Cent Oxygen Mixtures (fig. 3). Increases 
i) pressure ranged from 7 to 52 mm. Hg. 
(~ee table 1.) In general, the venomotor re- 
s,onse appeared slowly, becoming sharp only 
cd wing the second or third minute. Comparable 
rsults were obtained by voluntary hyper- 
\entilation or by repeated inspirations against 
r-sistance. The stimulus was a useful one, but 
its physiologic significance was not established 
hy these experiments. 

5. Perivenous Infiltration with Procaine. 
Careful infiltration with procaine about the 
circumference of the vein just proximal to the 
segment being studied led to the disappearance 
of the above reactions in three of four subjects, 
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Fig. 3. Change in pressure in isolated venous seg- 
ment in response to rebreathing 5 per cent carbon 
dioxide-95 per cent oxygen mixture. 


and to nearly complete disappearance in the 
other. 

Chloride. Intra- 
venous injections of  tetraethylammonium 
chloride in a dose of 7 mg. per kilogram of 
hody weight likewise blocked the reactions in 
three of four patients, and largely eliminated 
them in the other. 

7. Stellate Ganglion Block. In one of three 
subjects, procaine block of the stellate ganglion 
climinated the responses studied. However, 
~ignificant responses persisted in the others, 

espite the appearance of Horner’s syndrome, 

latation of the conjunctival vessels, and 
holition of temperature gradient in the ex- 
| -emity. 


6. Tetraethylammonium 


DIscUSsSION 


Anatomically, the superficial forearm veins 
ve less muscular than the veins of the lower 
‘tre 1it 7, and considerably less muscular than 


those of the splanchnic bed.? The observation 
that even forearm veins are capable of pro- 
ducing pressure rises of the magnitude of 40 
to 50 mm. Hg during isometric contraction 
suggests that the contractile power of the 
muscled veins is considerable. 

The efferent neural pathway for the regula- 
tion of venomotor tone and venomotor reflexes 
has been found in animals to be a part of the 
sympathetic nervous system. Our observa- 
tions point to a similar distribution in man. 
The reactions studied were blocked by the 
infiltration of procaine about the wall of the 
vein in the forearm, by the administration of 
an autonomic ganglionic blocking agent, and, 
though irregularly, by stellate ganglion block. 
The failure of stellate block regularly and 
completely to eliminate venomotor reflexes 
may be due to incomplete infiltration, or to the 
distribution of the sympathetic system in the 
upper extremity. 

The importance of venomotor tone was in- 
dicated by the classic experiment of Goltz! 
in 1864. Dilatation of the mesenteric veins of 
the frog in response to tapping brought about 
sequestration of so much blood in these 
vessels that the heart became bloodless and 
circulation ceased. So long as their nerve supply 
was intact, tone quickly returned to the veins, 
the heart filled, and circulation was restored. 

A variable venomotor tone might then be 
useful in two fashions: in the accommodation 
of the capacity of the circulatory system to 
changes in blood volume, and as a factor in the 
regulation of cardiac output. Active venocon- 
striction will help to maintain blood pressure 
and blood flow in the presence of a lowered 
blood volume. Blood volume remaining con- 
stant, venoconstriction will tend to augment 
venous return and thereby cardiac output. As 
Landis and Hortenstine! have pointed out, the 
heart represents the important ‘peripheral 
resistance” to venous flow. Insofar as the heart 
is incompetent, venoconstriction will be re- 
flected by increased venous pressure. 

Consideration of the function of neurogenic 
venomotor reactions requires certain quali- 
fications. First, in the intact organism, veno- 
motor reactions do not occur as_ isolated 
phenomena, but rather as part of integrated 
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-ardiovascular adjustments. Second, the in- 
nervated, muscled veins are in the circulatory 
system in parallel circuit with the veins of 
skeletal muscle in which capacity and pressure 
are determined largely by extravenous factors. 
Changes in one system may be opposed or 
aided by changes in the other. For instance, 
quiet standing may lead to hypotension and 
syncope due to inadequate venous return in 
subjects whose neural mechanisms are intact. 
If neural pathways are blocked, the effect of 
quiet standing is enhanced. Conversely, mus- 
cular exercise may alleviate the orthostatic 
hypotension produced by autonomic blocking 
agents.'* Further, veins are subject to humoral 
stimulation,? and even muscled veins are 
relatively thin-walled and subject to external 
forces so that variations in intra-abdominal 
pressure, for instance, may influence the vessels 
of the important splanchnic system. 

It is difficult to estimate the contribution of 
any single factor in circulatory adjustments. 
However, our observations of venomotor re- 
actions of some magnitude in relatively poorly 
muscled veins suggest their potential im- 
portance elsewhere in the body. 

In view of the effectiveness of tetraethylam- 
monium chloride in blocking venomotor re- 
flexes in these experiments, it is of interest that 
others have had to postulate an effect upon 
venomotor tone in order to explain certain 
actions of ganglionic blocking agents in man. 
Paton" has pointed out that the effectiveness 
of methonium salts in maintaining a bloodless 
operative field'® can hardly be explained on the 
basis of arteriolar dilatation, but can readily 
be explained by sequestration of blood within 
relaxed venous reservoirs. Further, orthostatic 
hypotension due to the methoniums outlasts 
changes in the supine blood pressure and may 
be alleviated by exercise of the leg muscles, 
suggesting that the postural defect lies within 
the venous side of the circulation.’* Werko and 
co-workers'® have found that hexamethonium 
may produce a fall in cardiac output in associ- 
ation with diminished pulmonary vascular 
pressures and diminished cardiopulmonary 
blood volume. This again suggests relaxation 
of the systemic venous bed. 


SUMMARY 


Reflex venomotor reactions of significant 
magnitude are demonstrated in the human 
subject. Evidence is presented that the e- 
ferent nerves mediating such reactions traverse 
the sympathetic nervous system, passinz 
through autonomic synapses. Certain imp! - 
cations of neurogenic venomotor tone aie 
discussed. 
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SuMARIO EspaNou 


Por medio de pinzas sencillas, un segmento 


de vena del antebrazo se aisl6é de la circulacién 
de manera que cambios en presién dentro de! 
segmento comprendido determinan cambios de! 
tono venoso. Vasoconstricién refleja se produjo 
con estimulos apropiados. Estas reacciones se 
pudieron bloquear mediante la interrupcién de 
la enervacién simpatica a la vena bajo estudio. 
La magnitud de las repuestas obtenidas sostiene 
el concepto de que las reacciones neurogénicas 
venomotoras puedan ser cuantitativamente 
significativas en ajustes circulatorios. 
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Response to Psychologic Stress in Persons 
Who Are Potentially Hypertensive 


By Rosert E. Harris, Pu.D., Maurtce Soxotow, M.D., Lewts G. Carpenter, Jr., Pa.D., 
MervIN FREEDMAN, Pu.D., AnD SAMvuEL P. Hunt, M.D. 


College women who are prehypertensive and matched controls were exposed to emotion-provoking 
situations, psychologic tests, and psychiatric interviews. Patterns of response differentiating the 
groups were observed. The prehypertensives were less well controlled, more impulsive, more ego- 
centric, and generally less adaptable in the stressful situations. In the psychiatric interviews, 
behavior similar to that of patients with hypertension was noted. The findings suggest that pre- 
hypertensives are more vulnerable in situations involving psychologic stress, and hence more 
subject to the autonomic concomitants of emotion, including repetitive rises of blood pressure. 


SSENTIAL HYPERTENSION is a 
disease of unknown etiology. As in 
other diseases with obscure causes and 

chronic but variable course, a number of in- 
vestigators have claimed that emotional fac- 
tors play a role in what is probably a very 
complex network of events, some of which can 
be described physiologically and anatomically, 
and others psychologically. They have sup- 
ported their assertions in a series of provocative 
and at times persuasive clinical psychiatric 
studies. Evaluated as scientific evidence, these 
studies have three major limitations. 

1. Patients with hypertension who have 
been studied by psychiatrists have usually 
been referied by internists, who are likely to 
1efer their “interesting” and troubled patients, 
neurotic persons whose psychologic problems 
may have no causal connection with elevations 
of blood pressure. Other hypertensive patients 
may find their way to psychiatrists because of 
multiple vague physical symptoms of a hypo- 
chondriac nature, again with no necessary re- 
lation to hypertension. 

2. Clinical psychiatric methods are notably 
impressionistic and qualitative, perhaps in- 
evitably so by their very nature. There are no 
unequivocal criteria for establishing the pies- 
ence or absence or the degree of important 
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phenomena such as unconscious hostility o1 
neurotic conflict. To the probing eye of : 
psychiatrist, few people are ‘“‘normal.”’ 

3. It can be argued that the neurotic prob 
lems found in hypertensive patients may be 
secondary to other processes involved in the 
disease, or to the fact that the patient knows 
he has a disease which will probably shorten 
his life span. 

In our research, we have controlled a number 
of variables related to these problems and, in 
addition, have attempted to demonstrate the 
presence of psychologic deviations in persons 
who are not now hypertensive but who prob- 
ably will become so. Such a demonstration 
would add weight to the argument that psycho- 
logic factors are relevant in the complex etiol- 
ogy of hypertension, since they then would be 
shown to exist before the onset of fixed hyper- 
tension. 

In selecting our subjects, we have taken 
advantage of the fact that an elevated blood 
pressure in early adult life, even though tran- 
sient, has prognostic significance for the later 
development of hypertension. Figure 1, adapted 
from Hines,' demonstrates an increasing inci- 
dence of clinically diagnosed hypertension after 
10 years as a function of initial systolic and 
diastolic readings. Figure 2 presents similar 
data for a 20-year follow-up period. Supporti 


g 
data are available from the studies of Dieh!’ 
on college students and Levy and co-worker’ 
on army officers, as well as from certain i) 
surance data. 

Accordingly, we selected for our expel 
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m ntal group 40 undergraduate college women 
yw o at the time of their initial physical ex- 
a inations on matriculation had shown blood 
» -ssures which exceeded 140 systolic or 90 
d istolic or both.* They were matched with 

women whose pressures were less than 
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Fig. 2. Relation of blood pressure to incidence of 
subsequent hypertension. Twenty year follow-up. 
Adapted from Hines.") 


‘20/80. In the former group, which we shall 
‘all prehypertensive, we expect a greater inci- 
lence of hypertension in later adult life than 
i the normal controls. At present the evidence 
wv the prediction is presumptive; the actual 


*We are grateful for the assistance given us by 
ir. William G. Donald, University Physician, and 
y Dr. Margaret Zeff, Ernest V. Cowell Memorial 
ospital, University of California. 


incidence of essential hypertension for the two 
groups will be checked by later studies. 

The subjects were unaware of the purposes 
of the study and of the reasons why they had 
been selected. The experimenters, interviewers 
and observers did not know which subjects 
were prehypertensive and which were controls 
until all the data had been recorded. 


MetTuop AND REsuLts 
I. The Psychiatric Interview 


Eighteen of the prehypertensive group and 
20 of the normals were interviewed by one of 
us, a psychiatrist (S. P. H.), who sought to 
identify their characteristic psychologic reac- 
tions and to infer which subjects were pre- 
hypertensive and which were normal. From 


TaBLE 1.—Accuracy of Identifications of Prehyper- 
tensives and Normals from Psychiatric Interview 


Group 
Interview Rating atc eek emma ras = 


Normals Prehypertensives 
N = 20 N = 18 


0 14 6 
1-3 6 12 
Ratings on 0-3 scale indicating increasing degrees 
of hypertensive personality features. 
X? = 5.1 
p = less than 0.02 (single tail) 


previous interviews with more than 100 pa- 
tients with fixed hypertension he had derived 
hypotheses about characteristic psychologic 
features associated with the disease. He rated 
each student on a scale from 0 to 3, indicating 
the degree to which she showed similarities 
to the personality pattern of fixed hyper- 
tensives. The results are presented in table 1. 

Note that 14 of the 20 normals (70 per cent) 
were assigned a rating of zero, while only six 
(33 per cent) of the prehypertensives were 
assigned a like score. If a rating of one or more 
is taken to indicate the presence of hypertensive 
features, the psychiatrist was found to identify 
correctly 26 of the 38 cases (68 per cent). The 
significance of this finding is given by the chi 
square which is significant at the 2.0 per cent 
level of confidence; that is, such a finding would 
occur by chance only twice in 100 repetitions. 
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Although not the major focus of this pre- 
liminary report, the basis on which the psychi- 
atrist made his correct identifications is of 
some interest. An important factor was his 
estimate of the degree of neurotic involvement 
in each subject. Of the eight women whom he 
described as most normal, those with good 
scholastic and social adjustment, seven were 
from the control group and only one was 
prehypertensive. Of the 16 most severely 
disturbed, either markedly neurotic or schizoid, 
11 were prehypertensive and only five were 
controls. More specifically, the psychiatrist’s 
judgements were based on his evaluations of 
the dynamics and economics of conscious and 
unconscious hostility. These involved an 
estimate of the quantity of hostility latent in 
the personality, the strength of the defenses, 
the breakthrough of hostility into conscious- 
ness under stress, and the degree of anxiety 
when the hostility was perceived. These data 
and interpretations support the hypotheses 
developed from the clinical experience of most 
psychiatric observers. 


II. Experimentally Induced Stress 


In the second procedure, we exposed the 
subjects to situations involving psychologic 
stress. The technic devised to evoke stress was 
that of staged interpersonal situations or 
psychodramas, interactions between two peo- 
ple. One of two roles was assigned to a subject; 
the other was played by a staff member. The 
method has several advantages over other 
contrived laboratory methods for inducing 
stress: 

1. Plots can be constructed which are realis- 
tic and approximate those life situations that 
are especially meaningful to the subjects. 

2. Plots can be constructed which are 
directly relevant to the presumed psychody- 
namics of hypertension. 

3. The amount of stress may be varied by 
the protagonist (staff member). 

4. The method seems to have an inherent 
power to produce a high level of motivation 
or ego-involvement in the subjects. 

In the first of the two psychodramas used 
here, the subject was instructed that she was a 
college student, that she was going to a dance 


that evening, and that she was to pick up an 
evening gown which she had left at a dry 
cleaner’s. In the experimental room, on a 
slightly raised platform, she was met by a 
staff member who played the role of the p:o- 
prietor. He informed her that her gown yas 
not ready, that it was not even in the shcp. 
He met her every question or demand wi'h 
stubborn indifference. In the second psyel.»- 
drama the subject was instructed that a nwin- 
ber of fellow students had asked her to cil 
on the dean of women of the college to request 
that an examination be postponed. She was 
also told that the dean was an old friend of her 
mother. The dean was played by a professional 
actress of considerable skill and versatility.* 
She met the student initially with warm 
acceptance, then became critical and personally 
attacking and rejecting. 

It was clear that these situations were 
emotion-provoking for the subjects, from the 
fact of visible autonomic responses, from 
disturbances of verbal and motor behavior, 
and from retrospective accounts related by the 
subjects after the psychodramas were com- 
pleted. 

Two or more staff members observed each 
student and recorded their impressions by a 
variety of methods. One method utilized a list 
of 389 adjectives selected to cover a wide range 
of personality and behavior.| The observers 
checked as few or as many words as they 
thought were descriptive of each subject. 
These data were analyzed by comparing the 
frequency with which each adjective was 
checked for the prehypertensive and for the 
normal groups. The differences in frequency 
were then tested for statistical significance and 
two lists compiled: one list of those 43 ad- 
jectives checked significantly more often for 
the prehypertensives, and another of 42 





* We wish to express our indebtedness to Mrs. 
Grace Macouillard, whose facile ingenuity contri)- 
uted greatly to the successful execution of the emo- 
tion-provoking situations; and to Mrs. Julia Lee for 
keeping the observers unaware of the subjects’ 
identity. 

+ Adapted from H. G. Gough: Predicting succe-s 
in graduate training: A progress report. Berkele. , 
The University of California Institute of Personality 
Assessment and Research, 1950. (Mimeographed.) 
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‘ecked more often for the controls. The first 
t, describing the prehypertensives, is shown 
table 2. 

Note first that the majority of these ad- 

j ctives have a negative tone; that is, they 
‘scribe personality in unfavorable terms; 
r example, there are the words obnoxious, 
ritable, unsympathetic, and self-centered. Sec- 
id, many of these adjectives may be described 

3 referring to inadequate control of behavior 

-r emotionality, for example such words as 

‘nangeable, erratic, excitable, impulsive, un- 

fable, and restless. A third characteristic of 

ihis list is that the words describe an ego- 


TABLE 2.—Adjectives Checked Significantly More 
Often for the Prehypertensives than for the Normals 
by One or Two Observers 


aggressive 
awkward 


imprudent provident 
impulsive prudish 
blustery infantile queer 
changeable intense resentful 
clever irritable restless 
despondent loud self-centered 
emotional nagging sour 

erratic nervous stubborn 
excitable noisy sulky 

fearful obnoxious talkative 
grave opinionated temperamental 
guarded peculiar unsympathetic 
headstrong persistent unstable 
idealistic pessimistic wary 

precise 


centric kind of person, for example, self- 
centered, unsympathetic, stubborn, tempera- 
mental, and headstrong. Fourth, there are words 
which suggest moodiness, for example despond- 
ent, pessimistic, resentful, sour. In general one 
may describe this list of words by saying that 
‘he observers found the subjects in this group 
imattractive, and they tended to describe 
hem in negative, unflattering terms. 

It should be noted that not all of these 
djectives were applied by the observers to 
ll of the subjects. Hence there may be ap- 
arent contradictions within the list. For 
xample, there are pairs of words which are 
pproximately opposite in meaning: persistent 
id changeable, wary and headstrong, guarded 
id impulsive. All of these words are on roughly 


the same continuum, that of control of emo- 
tionality and behavior, but at opposite ends. 
All may be thought of as representing the ex- 
tremes of over- and under-control, and contrast 
sharply with the more adaptive, less effortful 
control found in the normals. The inference 
would be that the prehypertensives betray 
their greater degree of emotional upset, some 
by behaving erratically, others by a tense kind 
of repressive control. Both kinds of behavior 
indicate tension which is unresolved and are 
therefore inadequate. The important thing is 
the fact of greater emotional upset. The pre- 
hypertensives are less efficient in meeting these 


TABLE 3.—Adjectives Checked Significantly More Often 
for the Normals than for the Prehypertensives by 
adaptable 

affected 


cooperative 
dependable 
affectionate easy-going 
apathetic efficient 
appreciative even 
broad-minded _ gentle 
cautious humane 
conciliatory kind 
conscientious liberal 
conservative likeable 
considerate mannerly 
consistent meticulous trusting 
contented peaceable unambitious 
conventional pleasure-seeking witty 


poised 
precise 
relaxed 
respectful 
simple 
sociable 
sophisticated 
sympathetic 
tactful 
tender 
tranquil 


emotion-provoking situations in both a psycho- 
logic and (presumably) a biologic sense. 

Turning now to those adjectives which the 
observers checked more frequently for the 
normals than for the prehypertensives, we 
find a quite different list of words, as tabulated 
in table 3. 

Note first that most of these words are 
positively toned, that is, they are “nice” 
things to say about people, quite in contrast 
to those checked for the prehypertensives. 
For example, there are words like kind, adapt- 
able, likeable, cooperative, sociable, tactful. 
Second, note the absence of words denoting 
impulsiveness and, in their place, words sug- 
gesting tempered control, like consistent, even, 
adaptable, efficient. Third, many more words in 
this list than in the prehypertensive list describe 
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relations with people, for example such words 
as gentle, affectionate, cooperative, considerate, 
sympathetic, trusting, humane. Fourth, these 
words describe persons with social poise, for 
example tactful, poised, relaxed, 
sophisticated, contented. 

Clearly the groups behaved differently in 
these stressful situations, and consistent per- 
sonality pictures emerge. An important over- 
all difference between the groups, but one 
which is difficult to document briefly, is that 
the prehypertensives were less effective in 
carrying out their assigned tasks, that is, in 
getting the dry cleaner and dean to comply 
with their requests. This is evidenced in part 
by the fact that although the prehypertensives 


tranquil, 


TaBLE 4.—Adjectives Checked Significantly More 
Often by Prehypertensives than by Normals— 
Self-Checks 


adventurous foolish rash 
artistic frugal 
awkward guarded 
clever hotheaded 
compassionate humble self-reproachful 
conceited hurried self-reproving 
confused indifferent shy 

curious nervous 
daring original 
docile passive 


reflective 
repentant 
self-possessed 


simple 
spendthrift 
submissive 
peculiar tender 
preoccupied tense 
prudent 


dreamy 
egotistical 


fearful tranquil 


were checked on rating scales as being more 
involved in the situations, they were also 
checked as being less well controlled and 
organized than the normal subjects, who took 
the scenes much more “‘in stride.” In playing 
their roles, the staff members tried to be con- 
sistent from one subject to the next, making 
each scene roughly equally stressful. Appar- 
ently the prehypertensives interpreted the 
situations as more stressful than did the nor- 
mals and behaved as if these situations were 
more emotion-provoking. At the risk of over- 
generalizing from one situation, a semilabora- 
tory one at that, one may say that the pre- 
hypertensives are likely to bring more anxiety 
to real-life problem situations, that they be- 
come more emotionally involved, and that 


they are less effective in achieving their encs, 
Further, they are likely to create an unfay: r- 
able social impression, just as they did in ow 
observers. 


III. Self-Descriptions 


In order to obtain a third and entire y 
different kind of data, each subject was ask: d 
to check on the same list of adjectives used | y 
the observers those words which she thoug! t 
described herself. The data were anaiyzed 
the same way as the observers’ checks, and two 
lists compiled. These suggest the subject 
perceptions of themselves and their behavio:. 

Table 4 lists those adjectives checked movie 
frequently by the prehypertensives than by 


TaBLeE 5.—Adjectives Checked Significantly Mov 
Often by Normals than by Prehypertensives 
Self-Checks 


adaptable frank 

bossy humane 
charitable independent 
collected level-headed 
efficient mature 
fair-minded 


meticulous 
persistent 
reasonable 
thorough 
thoughtful 
tolerant 


the controls. In general this list is similar to 
the observers’ checks for the prehypertensives. 
There is the same negative feeling tone to 
many of the words; and several of the words, 
for example, hurried, hotheaded, rash, daring, 
adventurous, tense, describe the same defect 
of control noted by the observers. Other words 
with a negative feeling tone are awkward, con- 


fused, peculiar, and foolish. Also there are words 


suggesting moodiness and egocentricity. In 
general the agreement with the observers’ 
check list is striking, except for one important 
difference. Note such words as submissive, 
docile, passive, and humble, which imply a lack 
of dominance not noted by the observers. 
Table 5 lists those adjectives checked more 
often by the normals than by the prehyper- 
tensives. Note here that the words suggest a 
positive self-evaluation, for example the words 
independent, mature, level headed, collected, ani 
adaptable, also that they describe a steady kin | 
of control, for example the words efficien , 
therough, persistent. and collected. A thir! 
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characteristic of these words is an implied 
b nevolent dominance in social relations, words 
: ch as humane, tolerant, charitable, fair- 
‘nded, and reasonable. 
Thus we have evidence that the self-ap- 
aisals of the prehypertensives and the con- 
ols are quite different and, further, that 
ey are congruent with the impressions 
eated in the observers of the stressful situa- 
ms. The validity of the differences noted by 
ie observers is therefore reinforced. Addi- 
onally these self-appraisals provide ground 
xv generalizing beyond the experimental 
situations. The prehypertensives, thinking of 
themselves in these negative terms, as moody 
and egocentric and as less well controlled than 
other persons, would probably behave less 
effectively in ordinary everyday problem 
situations and would more often experience 
anxiety and frustration. 


SUMMARY 


In summary, it is clear that by technics of 
personality study, college women who have a 
high actuarial probability of becoming hyper- 


tensive in later life can be differentiated from 
normal controls. Our data indicate that the 
prehypertensives responded characteristically 
to a psychiatric interview and to interpersonal 
situations involving psychologic stress. In the 
stressful situations they behaved less effec- 
tively, were less well controlled, less poised, 
and socially they created a less favorable im- 
pression than the contiols. The validity of these 
interpretations was reinforced by the agree- 
ment between the observers’ descriptions and 
the subjects’ own self-appraisals. Finally, in 

psychiatric interview they responded simi- 
uly to patients with clinically diagnosed 
‘ypertension, and the personality patterns 
escribed were like those noted by the observers 
uring stress. 


It is suggested, therefore, that the prehyper- 
tensives are less well able than normal persons 
to handle stressful or frustrating situations (of 
which the initial college physical examination 
is one) without becoming emotionally upset, 
and that therefore they are more likely to be 
subject to the autonomic accompaniments of 
emotion, including repetitive rises in blood 
pressure. Such repetitive rises may well be 
one of the conditions, an important even though 
perhaps not a necessary or sufficient one, in 
the network of events leading to fixed hyper- 
tension. 


SuMARIO EspaNou 


Mujeres colegiales prehipertensas y controles 
emparejados fueron expuestas a situaciones 
provocadoras de emociones, examenes psico- 
légicos y entrevistas psiquidtricas. Modelos de 
repuesta diferenciando un grupo del otro se 
observaron. Las prehipertensas eran menos 
controladas, mds impulsivas, mds egocéntricas 
y generalmente menos adaptables en las situa- 
ciones tensas. En las entrevistas psiquidtricas 
comportamiento similar al de pacientes con 
hipertensién se observ6. Los hallazgos sugieren 
que los prehipertensos son mas vulnerables en 
situaciones que envuelven tensién psicolégica 
y naturalmente mas sujetos a las emociones 
autonémicas concomitantes, incluyendo repeti- 
das alzas en la presién arterial. 
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The Effect of the Valsalva Maneuver 


on the Circulation 


Ill. The Influence of Heart Disease on the Expected 
Poststraining Overshoot 


By E. Extssperc, M.D., E. Sincian, M.D., G. Mriier, M.D., ano L. N. Karz, M.D. 


The normal response following sustained straining, as in a Valsalva maneuver, is a rise in systemic 
arterial pressure and a reflex slowing of the heart rate. This response was found to be abolished in 
some patients with mitral stenosis, with organic heart disease, with pulmonary vascular disease 
(including kyphoscoliosis), or with congenital heart disease. It was abolished in all three instances 
of pericardial disease studied. The relationship of the presence or absence of a poststraining brady- 
cardia to cardiovascular dynamics at rest and on exercise as determined by right heart catheteriza- 
tion is presented, and the suggestion is made that the Valsalva maneuver, when performed under 
electrocardiographic control, may be a simple, dynamic stress test of the circulation. This sugges- 


tion is waiting for further exploration. 


ORMALLY, an overshoot in systemic 
arterial blood pressure and an associ- 
ated reflex bradycardia occur following 

cessation of sustained straining. The impor- 
tance of the autonomic nervous system in its 
production*: *: * was confirmed by us,! and we 
have demonstrated that a significantly stenosed 
mitral valve will abolish it by preventing the 
rapid inflow of blood into the systemic circuit 
which occurs normally after cessation of 
straining.® 

In this report we have extended our obser- 
vations to a large number of subjects, both 
normal and those with several types of heart 
and other diseases, and have established that 
this procedure may offer a simple stress test of 
the circulation. 


MeEtTHODS 


The details of the cardiorespiratory assay prior 
to cardiac catheterization, the catheterization pro- 
cedure and the type of steady state exercise per- 
formed have been described elsewhere.* In addition 
to the subjects studied during cardiac catheteriza- 
tion, a number of others with normal cardiovascular 
systems performed the Valsalva maneuver while 
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pressure recordings were made with an indwelling 
needle in the brachial artery. 

A Valsalva maneuver was performed by the 
patient blowing directly into a mercury manometer 
while support was given to his cheeks. Intrapleural 
pressure under these conditions is approximately 
7 mm. Hg lower than the recorded intraoral pres- 
sure.’ Intravascular and intracardiac pressures were 
measured by capacitance-type electromanometers 
recording on a direct writing oscillograph*; a con- 
tinuous electrocardiogram was simultaneously re- 
corded. 

For analysis, the Valsalva maneuver is customarily 
divided into four phases and a preceding control 
period.’ For convenience of presentation we will 
consider in this report only the control period before 
straining and the period several seconds after the 
cessation of straining (phase 4), during which an 
overshoot in blood pressure and reflex bradycardia 
normally occur. 


RESULTS 


In the course of catheterization two subjects 
were found to have normal cardiovascular 
systems.t These, together with eight subjects 


* Sanborn. 

{ In both of these subjects the pressures, both a‘ 
rest and during exercise, were in the normal range it 
all vascular structures entered, including the pul 
monaly artery. One of them had a low resting arte 
riovenous oxygen difference and a high resting car 
diac index (6.1 L. per min. per M?). This changed 
little on exercise, a response associated with anxi 
ety.® Stroke output index at rest (82 cc. per beat pei 
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thout cardiovascular disease on whom a 

ilsalva maneuver was done and an intra- 

‘achial arterial blood pressure was recorded, 

mstitute the normal group. 

The other subjects were classified into several 

inical groups and the average changes are 
s 10wn in summary fashion in table 1. 


. Normal Subjects 


The poststraining overshoot in systemic 
| lood pressure in this group averaged 45 mm. 
ilg systolic (range, 25 to 90 mm. Hg) and 23 
iam. Hg diastolic (range, 10 to 50 mm. Hg); 
ihe pulse pressure increase was 22 mm. Hg 
(range, 6 to 41 mm. Hg). There was an asso- 
ciated average decrease in pulse rate of 19 
beats per minute in the poststraining period (in 
one case the drop was only 4 beats per minute, 
but this patient had a very slow initial rate; 
in another the drop was 40 beats per minute 
hut this patient had a very slow initial rate; 
in another the drop was 40 beats per minute; 
in the others the fall was between 10 and 25 
beats per minute). In the two cases tested with 
the catheter in the pulmonary artery, the aver- 
age overshoot in pulmonary artery pressure was 
much less, being 11 mm. Hg systolic, 8 mm. Hg 
diastolic, and 3 mm. Hg pulse pressure. 

These average values, obtained in normal 
subjects, served as our controls. Since most of 
this data was obtained through the brachial 
artery needle, and only two normal subjects 
were studied during cardiac catheterization, 
the above findings should be compared with 
cardiac indexes at rest and exercise in normal 
subjects as presented in the literature. 

A recent survey of the literature® showed that 
the low normal limit for the cardiac index at 
rest is 2.6 liters per minute per square meter of 
ody surface. It increases by 50 to 75 per cent 

ith the amount of exercise performed in these 

udies. Assuming normal pulse rates at rest 

id a normal response to exercise, the low 

ormal limit for stroke index is approximately 

' ce. per beat per square meter of surface 





) dropped in this case on exercise (to 60 ce. per 
it per M2). The other subject had a resting cardiac 
lex of 2.9 L. per min. per M? and stroke index of 
ce. per beat per M?. These rose respectively to 
“ L. per min. per M? and 60 ce. per beat per M?. 


area at rest, rising approximately to at least 
50 cc. per beat per square meter on exercise. 


2. Rheumatic Mitral Stenosis 


All patients in this group had acoustic evi- 
dence of mitral stenosis, but in many cases 
there was other valvular involvement. Of the 
22 cases with rheumatic mitral stenosis studied, 
only six showed an overshoot ir systemic blood 
pressure and a bradycardia foliowi::g straining, 
our group 1. Five of these patienis had a rise, 
within the normal range, of cardiac and stroke 
index on exercise; the exception was a patient 
with auricular fibrillation. Furthermore, pul- 
monary artery pressure rose only slightly on 
exercise in five patients; in the sixth, the pul- 
monary artery pressure, elevated at rest, rose 
significantly on exercise. In this last patient, 
the overshoot of pulmonary artery pressure 
after straining was quite marked, exceeding 
the rise with exercise, a unique occurrence in 
this series. 

The remaining 16 patients failed to respond 
with a normal overshoot of systemic arterial 
pressure and a bradycardia following strain- 
ing. These patients were divisible into two 
groups, viz., those in whom the cardiac index 
rose at least 1 liter per minute per square meter 
of surface area with the exercise performed 
(group 2), and those in which it did not (group 
3). In group 2 it may be considered that a 
dynamically significant mitral stenosis was 
present but with an opening functionally 
adequate for the amount of exercise performed. 
In group 3 it may be considered that a more 
severe mitral stenosis was present, with an 
opening functionally inadequate to permit the 
unrestricted passage through the narrowed 
valve of the extra blood brought to the lungs 
during the mild exercise performed. 

There were five cases in group 2. One of these 
patients had no systemic arterial overshoot 
or bradycardia but otherwise showed essen- 
tially normal cardiodynamics. The other four 
patients in this group developed a marked rise 
of pulmonary artery pressure on exercise, 
associated with an abnormally small rise in 
stroke index. In two, there was neither an 
overshoot nor bradycardia; in the other two, 
there was a slight to moderate overshoot in 
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systemic pressure, but no bradycardia, follow- 
i ig straining. Furthermore, in the last two cases 
tne overshoot began from the eighth to the 
welfth beat following cessation of straining 
i stead of after the fourth beat, as occurs nor- 
inally. 

There were 11 cases in group 3. These pa- 
ients had a high resting pulmonary artery 
pressure which increased markedly on exercise, 
ihey showed an abnormally small increase in 
‘ardiac index on exercise, and generally a fall 
instead of a rise in stroke index on exercise. 

In comparing groups 1, 2, and 3, it was 
jound that in general a progression existed. 
‘The clinical condition was worse in patients in 
group 2 than in those in group 1, and worse in 
patients in group 3 than in those in group 2. 
The number of valves involved increased, on 
the average, on comparing groups 1, 2, and 3, 
and the incidence of auricular fibrillation in- 
creased, the resting pulmonary artery pressure 
became higher, and the resting cardiac and 
stroke indexes decreased. 

3. Pericarditis 

Three proven cases of pericarditis were 
studied; one of these was constrictive in nature 
and the other two were associated with effusion. 
In none was there an overshoot in systemic 
blood pressure or a bradycardia in the post- 
staining period, despite normal increases in 
the cardiac index on exercise in the two cases 
in which this was measured. The stroke index 
rose moderately with the exercise performed. 
In all three cases the cardiac index and stroke 
index were low at rest. 

Resting right ventricular and _ diastolic 
pressure was elevated in all three cases. Exer- 
cise caused a considerable rise in pulmonary 
urtery pressure in one of the two cases. 


Other Organic Heart Disease 

In all, nine such patients were studied, three 
‘ith arteriosclerotic heart disease, five with 
| ypertensive cardiovascular disease, and one 
ith aortic valve stenosis. In three of the 
| utients a normal response was noted after 
raining.* Two of these had hypertensive 

* Definite systemic blood pressure overshoot oc- 


‘irred without bradycardia in one case, because the 
| fer response had been blocked by atropine. 


cardiovascular disease without a history of 
failure. The third had arteriosclerotic heart 
disease and auricular fibrillation, well com- 
pensated at the time of study, but with a past 
history of mild heart failure. The cardiac in- 
dexes in these three patients were well above 
average, except in the third patient at the 
time of auricular fibrillation. However, in him, 
conversion to regular sinus rhythm considerably 
increased his output. This last patient was 
studied both before and after conversion of the 
auricular fibrillation to regular sinus rhythm. 
A definite systemic pressure overshoot occurred 
with both rhythms. During auricular fibrilla- 
tion, however, the heart rate was inconstant 
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Fig. 1. Graphic comparison of heart rate and pul- 
monary and brachial artery pressures before and 
after straining in the normal and various abnormal 
groups. BA = brachial artery; PA = pulmonary 
artery; R = rate; BS = before straining; AS = after 
straining. 


in the poststraining period, but on the average, 
the rate was slightly slower than the control. 
After conversion to regular sinus rhythm the 
usual bradycardia was noted in the poststrain- 
ing period. 

The other six patients were found to have 
no bradycardia or overshoot in systemic pres- 
sure following straining. Pulmonary artery 
pressure after straining also showed no rise; 
it remained unchanged or fell. All but one of 
these patients had long histories of congestive 
heart failure and elevated resting pulmonary 
artery pressure at the time of study. The 
exception had a severe systemic hypertension 
with exertional dyspnea and a low resting 
cardiac index. The cardiac index in these 
patients was reduced (one just on the border- 
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line), and two of them exhibited elevated 
right ventricular and diastolic pressures. One 
of these patients was studied before and after 
conversion of an auricular fibrillation to regular 
sinus rhythm. Essentially no change was noted 
in his response to straining. No observations 
during exercise were made on these patients 
so that a comparison cannot be made between 
the exercise and Valsalva maneuver stresses. 
5. Pulmonary Vascular Disease 

Three patients with chronic pulmonary 
disease were studied. One of these, a patient 
with associated systemic hypertension, showed 
a poststraining overshoot in both the systemic 
and pulmonary arterial pressures as well as a 
bradycardia. The other two showed no systemic 
pressure overshoot or bradycardia in the post- 
straining period, and in the one in which 
pulmonary artery pressure was recorded a 
negligible rise in this pressure was found after 
straining. The assay of pulmonary pressure 
was difficult in this patient because there was 
considerable respiratory variation in pressure. 
In this case the end diastolic pressure in the 
right ventricle was 10 mm. Hg. 

In addition, five patients with kyphoscoliosis 
were studied. Two responded normally to 
straining. In these, resting and exercise cardio- 
vascular measurements were also within nor- 
mal limits. After straining, the other three 
showed no overshoot in systemic pressure or an 
insignificant one and no bradycardia. One of 
these patients had a normal resting pulmonary 
artery pressure which rose somewhat on exer- 
cise. The resting pulmonary artery pressures in 
the other two patients were elevated. One had 
a normal right ventricular end diastolic pres- 
sure and developed a rise in pulmonary artery 
pressure and cardiac index on exercise; he had 
a normal rise in pulmonary artery pressure 
after straining, despite a lack of systemic pres- 
sure overshoot. The second of these patients 
had an end diastolic pressure in the right 
ventricle of 7 mm. Hg and showed no overshoot 
in his pulmonary artery pressure as in his 
systemic pressure, after straining. 


6. Congenital Heart Disease 


Three of the patients were diagnosed as 
having idiopathic dilatation of the pulmonary 


artery. Two of these showed an overshoot of 
systemic pressure after straining with a marke: 
bradycardia. The third had no bradycardia o 
overshoot. This patient had normal pressure; 
in all chambers examined and a high restiny 
cardiac index which declined on exercise, 
response associated with anxiety.° 

Two patients with interventricular septa 
defects and one patient with a tetralogy o 
Fallot responded to straining in a norma 
manner. One patient with a patent ductu 
arteriosus in congestive failure, as well as two 
patients with large interventricular septa 
defects failed to respond in a normal manner 
Each of the latter two cases had a combined 
left ventricular cardiac index (systemic flow 
plus left to right shunt) of about 11 liters per 
minute per square meter of surface area. 

In the patient with the overriding complex 
the brachial artery pressure was at contro! 
level two beats after straining instead of the 
expected four beats seen normally. This was 
also observed in a patient with an Eisenmenger 
complex observed after this study was com- 
pleted. 


DISCUSSION 


The use of straining as a functional test has 
been employed for some time. Sustained 
straining against 40 mm. Hg of pressure was 
suggested by Flack!® as a test of fitness for 
aviators. The changes were attributed by him 
to hypercapnea and hypoxia acting on medul- 
lary centers, and to alterations in ‘abdominal 
pooling.”” Hamilton and his colleagues*: "! 
studied the effect of the Valsalva maneuver on 
intra-arterial pressures as well as on extra- 
vascular structures. Recently Mills! investi- 
gated the pressure relationships in various 
body cavities during straining. McGuire and 
associates recently correlated straining with 
bedpan deaths. Lauson and_ co-workers’! 
separated the net from the recorded blood 
pressure changes during straining. The influence 
of the autonomic nervous system on the re- 
sponse to this maneuver?‘ has been analyzed. 

Our own previous studies with the Valsalv.. 
maneuver suggest that: (1) During strainin: 
intraoral pressure is about 7 mm. higher tha» 
intrapleural pressure.’ (2) The autonomic nerv- 
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ous system must be intact for the occurrence 
of a normal response.! (3) It is the blood which 
is dammed back in the systemic venous system 
during straining that rushes into a constricted 
systemic arterial system with the cessation of 
straining and produces the overshoot in ar- 
terial pressure and reflexly sets up the brady- 
eardia.! (4) A significant mitral stenosis pre- 
vents a normal response by preventing blood 
in the poststraining period from rapidly reach- 
ing the systemic arterial system.® Our present 
study has permitted us to extend and amplify 
these observations and to correlate them more 
closely with previous observations of others. 

Of prime consideration in the group of 
patients with mitral stenosis is the principle 
that flow depends upon cross-sectional area 
and difference of pressure on either side of an 
orifice. This is the basis for the formulation of 
Gorlin and Gorlin'’® for mitral valve area, and 
the stenotic index of this department.'® 

We have been able to divide the mitral 
stenosis patients into three groups. In group 1, 
all patients responded with increased systemic 
flow, a systemic pressure rise, and a bradycardia 
after straining. Since the hemodynamics at 
rest as well as on exercise in five of these pa- 
tients were also normal, it is unlikely that the 
mitral valve offered any significant hindrance 
to flow of blood. In the sixth case, the cardiac 
index increased normally on exercise, but unlike 
the others in this group, was associated with 
a marked rise of pulmonary artery pressure. 
Therefore this patient, in spite of the stenotic 
valve, was able to increase peripheral flow 
apparently as a result of the increase in pres- 
sure in back of the valve. The marked pulmo- 
nary pressure overshoot after straining in this 
patient was also apparently able to increase 
systemic flow sufficiently to produce an over- 
shoot in systemic arterial pressure and a reflex 
bradycardia. This marked overshoot in pul- 
monary artery pressure following straining was 
unique in this series. 

In group 2, the elevation of the pulmonary 
irtery pressure found in all the patients on 
exercise was also sufficient to increase cardiac 
output through the stenotic mitral valve. 
But this was not true following straining, where 
the pulmonary artery pressure overshoot was in 


the normal range and insufficient to cause the 
usual increase in flow past the valve. In a few 
cases a moderate systemic overshoot did 
develop. However, the obstruction offered by 
the mitral valve caused the systemic pressure 
to increase more gradually and later than nor- 
mal. This type of overshoot response was 
insufficient to stimulate the pressor receptors 
to cause a reflex bradycardia. 

In group 3, the mitral stenosis was so marked 
that even the marked rise in pressure in the 
pulmonary artery on exercise was incapable of 
increasing the flow past the valve. It likewise 
prevented the overshoot in pulmonary artery 
pressure, which was in the high normal range, 
from leading to a systemic arterial overshoot 
or bradycardia after straining. 

The similarity in the amount of pulmonary 
artery pressure rise after straining in all three 
groups of mitral stenosis (with the exception of 
one patient), regardless of resting pressure, 
was reported previously.’ This was attributed 
to the large capacity of the pulmonary vascular 
bed, emptied during straining, permitting it to 
readily accommodate the blood after straining 
without an undue pressure increase. It should 
be borne in mind that the elevation of pul- 
monary artery pressure is the result of a “‘back 
pressure’ dependent upon resistance offered 
at the mitral valve, and transmitted backward 
from the left auricle to the pulmonary capil- 
laries and pulmonary artery.” 

With the exception of one case with auricu- 
lar fibrillation, stroke index on exercise in- 
creased considerably in all cases of group 1, 
changed little in group 2, and fell in group 3. 
This is evidence that with increasing severity 
of mitral stenosis, ventricular filling becomes 
more and more unable to keep up with the 
increasing heart rate occurring during exercise. 

None of the patients with pericardial disease 
showed an overshoot in systemic pressure or 
bradycardia following straining despite definite 
increases in cardiac and stroke indices on 
exercise. Apparently the limited cardiac filling 
following pericardial constriction or effusion 
prevents sufficient blood from being pumped 
into the periphery rapidly enough to produce an 
overshoot in systemic pressure after straining 
even though mild exercise showed no devia- 
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tion from the normal response. Obviously 
straining is a much more abrupt and severe 
strain than the exercise performed by these 
patients. The explanation suggested by Hamil- 
ton and associates" for failure of systemic 
overshoot in patients with congestive heart fail- 
ure (namely that the intrapleural pressure on 
straining did not rise as high as the elevated 
venous pressure, and thus did not prevent 
blood from flowing into the thorax during the 
Valsalva maneuver) may be considered to 
apply in the pericarditic patients. However, 
against this latter explanation is the fact that 
the intrapleural pressure (as judged by the 
intraoral pressure) was far in excess of the 
right ventricular end diastolic pressure. The 
development of an ‘empty’ pulse® during 
straining and a marked fall in pulse pressure 
immediately after straining is also opposed to 
this last explanation and favors the first one. 
Moreover, in one case in which it was meas- 
ured, intravenous pressure rose markedly, but 
slowly, during straining, indicating that the 
rise in intrapleural pressure is an effective 
barrier to venous inflow in these patients as it 
is in normal subjects. For these reasons we 
feel that limitation of the stroke volume rather 
than continued flow during straining explains 
the lack of systemic pressure overshoot. 

Since the same results may be seen in peri- 
cardial disease as in the enlarged hearts or in 
congestive failure, the Valsalva maneuver 
‘cannot be used to help in the differentiation 
between these conditions. 

In patients with organic heart disease, but 
with no history of congestive failure, the re- 
sponse to straining is normal. However, when 
congestive failure is, or has been, conspicuous 
there is no systemic overshoot or bradycardia. 
This appears to depend on the inability of the 
impaired heart to increase its output when 
exposed to an increased input load. The alter- 
nate explanation offered for the failure of 
systemic pressure overshoot in these patients 
by Hamilton and co-workers," mentioned 
above, is not considered as valid. We assume 
that in these patients the elevation in venous 
pressure during straining is not greater than 
the rise in intrapleural pressure and therefore 
that flow into the thorax declines during 


straining. Furthermore, since four of the six 
cases studied had a normal resting right ven 
tricular end diastolic pressure, it would appea” 
that elevated systemic venous pressure was no 
a factor in the failure of these patients t 
develop a systemic overshoot in the post 
straining period. While a few of the patients in 
this group showed only a slight fall in pulsé 
pressure during straining, most of them had ; 
pronounced fall and/or an “empty” puls: 
during this period. 

None of the patients with organic heart dis- 
ase without a systemic pressure overshoot 
had a definite pulmonary pressure overshoot 
in the period following straining. In two of 
these patients right ventricular end diastolic 
pressure was elevated, evidence of failure of 


this chamber, so that a rise in pulmonary 


pressure would not be expected after straining. 
But even in those patients in whom the right 
ventricular end diastolic pressure was normal, 
no pulmonary artery pressure overshoot was 
present after straining. This would suggest 
that while the right heart was able to handle 
the reduced cardiac resting output in these 
patients without rise in venous pressure, it was 
not sufficiently competent to increase its out- 
put in response to the increased venous inflow 
following straining to raise its output enough 
to produce a rise in pulmonary artery pressure. 

Slonim and associates'® found a marked over- 
shoot in the pulmonary artery pressure in the 
poststraining period in a group of patients with 
pulmonary vascular disease. Our data in a 
group of three patients with pulmonary vascu- 
lar disease and five kyphoscoliotics were more 
variable. One of the former and two of the 
latter we found had a normal systemic and 
pulmonary artery pressure overshoot after 
straining. The one patient with pulmonary 
vascular disease who showed the normal over- 
shoot after straining also showed an increase in 
his cardiac index on exercise, but this was 
associated with, and apparently depended 
upon, a rise in pulmonary artery pressure, as 
occurred in some of the miiral stenosis cases 

Two patients with pulmonary vascular 
disease and three with kyphoscoliosis failed 
to develop a systemic pressure overshoot afte1 
straining. Two of these (one from each group’ 
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lad an elevated right ventricular end diastolic 
pressure at rest and an insignificant or no 
julmonary artery pressure overshoot after 
straining. The failing right ventricle in these 
‘ases was probably responsible for the ab- 
ormal response to straining as it was in the 
vatients with congestive heart failure. The 
other three patients had normal right ventricu- 
ar end diastolic pressures and in the only one 
ff these in which it was measured, the pul- 
nonary artery pressure overshoot after strain- 
ng was in the normal range. This pulmonary 
pressure response in the absence of a systemic 
wressure overshoot reflected the inability of the 
reduced pulmonary vascular bed with its 
increased resistance to permit the extra blood, 
accumulated after straining and poorly ac- 
commodated within it, to pass through. All 
three patients with a normal right ventricular 
end diastolic pressure at rest and absent 
systemic pressure overshoot after straining 
showed a marked rise in pulmonary artery 
pressure on exercise. Because of this ability 
of the heart to increase its output on exercise 
consequent to the considerable elevation of 
the pulmonary artery pressure, it would ap- 
pear that the reduced pulmonary vascular 
capacity and its greater resistance to sudden 
changes in its flow was often solely responsible 
for the lack of systemic pressure overshoot after 
straining. 

We wish to express a word of caution in 
the study of these patients. Care must be 
exerted in interpreting a slightly or moderately 
elevated right ventricular end diastolic pres- 
sure as an indication of right heart failure, 
since in emphysematous patients the associ- 
uted elevated intrathoracic pressure is trans- 
mitted to the right ventricle and so raises the 
‘nd diastolic pressure. Only when it can be 
‘chown that net end diastolic pressure, that is, 
he actual pressure minus intrapleural pressure, 
s elevated can it be concluded that right heart 
allure exists. 

Furthermore, our analysis shows that the 
‘eriod during which the pressure overshoot is 
xhibited after straining should be critically 
xamined. This is a period of deep and forced 
reathing after the apnea of straining. Respira- 
ory blood pressure variations in these patients 


are likely to be marked and should be carefully 
evaluated. Furthermore, trapping of air during 
this period of rapid breathing might raise 
intrathoracic pressure which in turn could be 
mechanically transmitted to the pulmonary 
artery and aorta. This would produce an 
elevation of the measured pressure without 
any rise in the net pressure. 

A varied group of patients with congenital 
heart disease had an overshoot in systemic 
blood pressure and an associated bradycardia 
after straining. This group included a case of 
tetralogy of Fallot where, because of pulmonic 
stenosis, the overshoot probably came directly 
from the right ventricle into the overriding 
aorta. One patient with a patent ductus 
arteriosus, in congestive failure, one with an 
interventricular septal defect and an overrid- 
ing of the aorta, and one with a large inter- 
ventricular septal defect failed to show the 
expected overshoot in systemic pressure. In the 
last two cases, the total outflow of the left 
ventricle (including the shunt) was large and 
was apparently approaching the maximum 
output of this chamber, so that the left heart 
was unable to increase its output further even 
after straining. Each of these cases had an 
elevated pulmonary artery pressure, either ac- 
compenying the large pulmonary blood flow 
or as an evidence of left heart failure. 

One patient in the group with an idiopathic 
dilatation of the pulmonary artery and with 
normal resting and exercise pulmonary artery 
pressure, failed to respond to straining in a 
normal fashion. The cardiac index dropped on 
exercise in this patient, an event usually 
associated with anxiety. Many patients are 
quite anxious at the time of catheterization, 
yet this lack of normal response is quite rare. 
What might have been the exact effect of the 
anxiety experienced by this patient upon the 
autonomic nervous system cannot be deter- 
mined from the present studies. However, 
the necessity for the integrity of this system 
in the production of normal response has been 
shown! and marked changes in the autonomic 
nervous system with anxiety might possibly 
be a factor accounting for the rare failure of a 
healthy subject who does not respond normally 
to straining. 
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The systemic pressure overshoot may occur 
a few beats sooner in congenital anomalies 
associated with overriding of the aorta as 
blood enters the aorta directly from the right 
ventricle without necessarily traversing the 
lungs. 

The test and results described in this report 
have been performed during cardiac catheteri- 
zation in most of the patients. In the remainder 
it was accomplished with a needle in place 
in the brachial artery. The information derived 
should be of interest to catheterization teams; 
the test is simple to carry out and is now rou- 
tinely employed by us during catheterizations. 
The test may also be used clinically with the 
electrocardiograph to follow the changes in 
heart rate since the reflex bradycardia after 
straining is usually as significant as the systemic 
blood pressure overshoot. The reasons for this 
are: (1) the poststraining bradycardia has 
never been found by us in the absence of a 
systemic blood pressure overshoot; and (2) 
bradycardia does not occur after straining 
when the systemic pressure overshoot is of a 
mild degree, or delayed, and minimal in extent. 
Patients exhibiting this latter overshoot re- 
sponse are abnormal and have significant lesions 
as illustrated in some of our patients with 
mitral stenosis in group 2. The reflex brady- 
-ardia will occur with sinus tachycardia; it is 
more difficult to evaluate in auricular fibrilla- 
tion. It is well seen when the resting heart 
rate is as low as 80 beats per minute; but may 
be difficult to detect if the control rate is slow, 
below 60. The test can be performed by having 
the patient blow directly into an ordinary 
sphygmomanometer detached from its cuff, 
or simply by “‘bearing down” against a closed 
glottis for approximately 30 seconds. The heart 
rate is observed before straining, throughout 
the maneuver, and in the period after straining. 

With few exceptions, as noted above, the 
definite development of a bradycardia in the 
poststraining period implies that: (1) the heart 
can respond to an increased input by increasing 
its output; (2) the autonomic nervous system 
is intact functionally, and (3) there is no sig- 
nificant obstruction to flow at any valve orifice 
or within the pulmonary circuit. 

The failure of a bradycardia to develop after 


straining in most instances suggests the pre: 
ence of obstructing lesions, inability of th» 
heart to increase its output, or an autonomi: 
nervous system impairment. 

Of course, there are infrequent exception 
As a laboratory procedure the Valsalva manet - 
ver makes available to the clinician in hi 
office a rather good physiological and dynami 
stress with which to determine circulator 
response. Further studies are needed to defin 
the limits and errors of this test. 


SUMMARY 


A study has been made of the circulator 
responses in the poststraining period to th: 
Valsalva maneuver. Normal patients and 
patients with a variety of heart diseases hav: 
been studied. A normal response is an overshoot 
in systemic artery pressure and a bradycardi: 
in the poststraining period. Normally there 
is a small overshoot in pulmonary artery pres- 
sure. It has been shown that this normal re- 
sponse is abolished in patients with pericardi- 
tis; with organic heart disease when congestive 
heart failure has been conspicuous in the past, 
or is present at the time of testing; in some 
patients with pulmonary vascular disease; 
and with some types of congenital heart dis- 
ease. Pulmonary artery pressure does not rise 
after straining where there has been failure 
of the right ventricle. 

By observing the development of the brady- 
cardia in the poststraining period, with the 
use of an electrocardiograph, the clinician has 
a simple and useful tool for appraising the 
integrity of the cardiovascular system, since 
the presence of bradycardia suggests that 
overshoot in the systemic arterial pressure 
occurs in the poststraining period and the 
absence of bradycardia, when the autonomic 
nervous system is intact, suggests that an over 
shoot of systemic arterial pressure does no 
occur. Bradycardia in the poststraining period 
of the Valsalva maneuver, therefore, is ai 
index of the response of a patient to a simpli 
executed stress test. 
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SuMARIO EspaNou 


La repuesta normal a un esfuerzo sostenido, 
mo en la maniobra de Valsalva, es un in- 
emento en la presién arterial sistematico y 
na desaceleracién cardiaca refleja. Esta re- 
iesta se encontr6 abolida en algunos pacientes 
m estenosis mitral, con enfermedad cardiaca 
rginica, con enfermedad pulmonar vascular 
ncluyendo quifo-escoliosis), o con enfermedad 
‘el corazén congénita. Se encontré abolida en 
tres casos de enfermedad del pericardio es- 
iudiados. La relacién de la presencia 0 ausencia 
de bradicardia post-esfuerzo a la dindmica 
cardiovascular durante reposo y ejercicio segtin 
se ha determinado mediante caterizacién del 
lado derecho del corazén se demuestra y la 
sugerencia se hace de que la maniobra de 
Valsalva cuando se ejecuta bajo control 
electrocardiografico puede ser una prueba 
sencilla de esfuerzo dindmico de la circulacién. 
Esta sugerencia esté en espera de mas ex- 
ploracién. 
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The Relationship between the Anatomic 
Position of the Heart and the 
Klectrocardiogram 


A Criticism of “Unipolar” Klectrocardiography 


By Roserr P. Grant, M.D. 


Using a method for identifying precisely the lie of the ventricular structures in the body at au- 
topsy, the anatomic position of the heart was compared with the directions of the QRS electrical 
forces in a large number of subjects with and without heart disease. While the mean QRS axis varied 
through 180 degrees in these subjects, the anatomic position of the left ventricle varied less than 
45 degrees. No instances of significant rotation of the heart around its long axis were encountered, 
and it is shown that the unipolar electrocardiographic criteria for position and rotation of the heart 
have little validity. An explanation for the axis deviations of ventricular hypertrophy is offered. 


HAT the form of the QRS complex is 

influenced by the position of the heart 

in the chest has been known since 
Einthoven demonstrated changes in the direc- 
tion of the mean QRS axis with respiration. 
Later, the introduction of unipolar precordial 
leads made it possible to study the relation- 
ship between the electrocardiogram and posi- 
tion of the heart in three-dimensional space, 
and Wilson and co-workers devised a method 
for recognizing five different heart positions 
from combinations of QRS complexes in the 
unipolar limb and precordial leads.' Subsequent 
workers have greatly extended this method in 
order to define in more detail the position of 
the heart and its components from the electro- 
cardiogram. 

Wilson’s method was the outgrowth of a 
particular hypothesis regarding the factors 
which govern the form of the QRS complex. 
On the basis of experiments performed by 
Lewis and in his own laboratory, Wilson con- 
cluded that the unipolar lead might be con- 
sidered to resemble a ‘direct lead,” that. is, 
one placed directly on the heart and recording 
principally the electrical events of the portion 
of the heart underlying it.?:* This hypothesis 


From the Clinic of General Medicine and Experi- 
mental Therapeutics of the National Heart Institute, 
Section of Cardiodynamics, U. S. Public Health 
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suggested that when a unipolar electrode faced 
a particular region of the heart it would write 
a QRS complex with a specific contour for that 
region, and there would be specific QRS 
patterns for many different regions of the 
heart. Thus, when a particular QRS contour 
was seen in one or another unipolar lead, it 
could be concluded that the region of the heart 
known to yield that QRS pattern must be fac- 
ing that electrode location. This hypothesis 
has been extensively applied to clinical electro- 
cardiography and detailed systems have been 
devised for detecting various types and de- 
grees of rotation of the heart, the lie of the 
septum, anterio: and posterior tilting of the 
apex, the location of sites of infarction in the left 
ventricle, and similar features from the contours 
of QRS complexes in the various unipolar limb 
and precordial leads.4~7 

In its clinical application this approach has 
become known as the “unipolar method” for 
electrocardiographic interpretation. However, 
although widely accepted, it has some serious 
shortcomings. The most important of these is 
as Wilson recognized, that, only an extremely 
brief portion of the unipolar lead QRS com 
plex, the “intrinsic deflection,” can be con 
sidered to be written by the underlying regiot 
of the heart. And in a body surface lead ever 
this is written to only a limited extent by the 
underlying portion of the heart, which is why 
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i: clinical practice it is called the “intrinsicoid 
d flection.’ The portions of the complex before 
aid after the instantaneous intrinsicoid de- 
fiction are a much larger portion of the com- 
} ex and represent the electrical activity of all 
t ie other regions of the heart as they undergo 
ativation. To this extent a unipolar lead is 
1 ot a direct lead registering the electrical events 
c! a single region of the heart, and it was for 
these reasons that Wilson called it a ‘‘semi- 
cirect”’ lead. The same caution was used in 
cescribing the five positions of the heart, for 
he termed them ‘electrical positions” of the 
heart and pointed out that they might or might 
not be related to the actual anatomic position 
of the heart. 

These uncertainties regarding the validity 
of the clinical application of this hypothesis 
have tended to be justified by subsequent 
experimental studies. These have shown that, 
for clinical purposes, the contour of the uni- 
polar lead QRS complex is more accurately 
and more rationally treated by considering it 
written by all regions of the heart rather than 
principally by the region facing the electrode. 
These studies, which are discussed _ else- 
where®: °: 1° indicate that the validity of the 
“unipolar” method of  electrocardiographic 
interpretation is open to question. 

There is also an important practical short- 
coming in the ‘unipolar’? approach to the 
clinical electrocardiogram. The body surface 
QRS patterns for the various specific regions 
of the heart and the electrocardiographic 
criteria for position and rotation of the heart 
have been based largely upon conjecture, and 
there have been no careful anatomic studies in 
the human subject to test the validity of these 
riteria. Even the notion that the heart rotates 
n its long axis with one or another type of 

entricular hypertrophy, a basic concept in 
lectrocardiographic as well as x-ray and 
ardiologic literature, is unproved, for there 
ave been no systematic anatomic studies 
‘emonstrating that such rotation occurs. The 
lowing studies were undertaken to examine 
he extent to which the electrocardiogram re- 
ects the anatomic properties of the heart. 
\ method was devised for accurately measuring 
he position and rotation of the heart at post- 


mortem examination and this information was 
compared with the electrocardiographic data 
obtained shortly before death in a large number 
of subjects with and without heart disease. 


METHODS AND RESULTS 


Twenty-four consecutive cases were studied. 
Seven of the patients died with clinically manifest 
hypertensive cardiovascular disease. Two subjects 
died of mitral stenosis and insufficiency, one of 
cor pulmonale due to pulmonary emphysema, one 
of aortic stenosis due to rheumatic heart disease, 
one of syphilitic aortic insufficiency, and two of 
arteriosclerotic heart disease. The remaining 10 sub- 
jects had no recognized heart disease clinically or at 
autopsy. Patients with clinical, electrocardiographic, 
or pathologic evidence of myocardial infarction were 
excluded from this series as were also those with a 
QRS interval in excess of .12 second. 

Bipolar and unipolar limb leads and precordial 
V leads were recorded on the Sanborn Viso-Cardiette 
with the patient in the recumbent position. In all 
subjects an electrocardiogram had been recorded 
within three days of death and at least three electro- 
cardiograms were obtained from all subjects during 
the terminal illness. The tracings were analyzed for 
the direction of the mean spatial QRS vector, the 
mean spatial vector for the first .02 second of the 
QRS interval, and the frontal plane projection of 
the QRS loop. The method for determining the 
directions of the spatial vectors and the QRS loops 
from the conventional electrocardiogram have been 
described elsewhere.° 

In accurately defining the anatomic location 
of the various regions of the heart at autopsy, the 
following method was used. After removal of the 
sternal plate and before intrathoracic contents were 
disturbed, the pericardium was carefully opened and 
a thin, sharply pointed metal spear was gently 
thrust anterior-posteriorly through the heart, per- 
pendicular to the autopsy table. Then, another spear 
was passed from left to right through the chest wall 
and through the ventricular mass to be parallel 
with the frontal plane of the body and at right angles 
to the anterior-posterior spear. The heart was now 
removed by severing the great vessels. The auricles 
and the right ventricle were gently packed with 
formalin-soaked gauze to restore the contour of 
the heart, and a third spear was inserted perpendic- 
ular to the plane defined by the first two, to be 
parallel with the long axis of the body. The impaled 
heart was then mounted on a frame to support the 
spears in their proper rectangular relationships and 
the whole placed in a jar containing 10 per cent 
formalin. In certain instances the coronary vessels 
were injected with formalin to improve fixation. 

After 36 to 48 hours of fixation, photographs 
were made of the anterior, inferior (or diaphrag- 
matic) and lateral surfaces of the intact heart, using 
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the three spears as precise reference guides to de- 
fine exactly how the heart lay within the chest at 
the time of death for each of these views. After 
these photographs were taken and without disturb- 
ing the spears, the auricles, great vessels, epicardial 
fat and connective tissue, coronary vessels, and 
valves were carefully removed leaving only the 
ventricular muscle mass. Photographs were again 


ANTERIOR 


INFERIOR 


LATERAL 
(RT. SIDE) 


to determine the exact lie of the left ventricle and 
the interventricular septum in the body at the tine 
of death. From these two measurements the ty; e 
and degree of rotation of the heart on its long axi;, 
transverse axis and anterior-posterior axis could |e 
precisely determined. The various parts of the hea t 
were weighed and measured at each stage of disse: - 
tion. Eleven hearts were studied by this methox 


’ 


2180- HT. 65IN., WT. 165LB.; AGE 54, & 
HCVD § DECOMP. 


TOTAL HEART WT. 
VENTRICLES 
L.Vv. AND SEPTUM 


600 GM. 
450 GM. 
370 GM. 


R. V. ( FREE WALL) 80 GM. 


Qrs 


Fig. 1. The method of study, showing the three stages of dissection, with three views of the heart 
at each stage. The region where the free wall of the right ventricle was dissected from the septum was 
marked with indelible pencil before photography in order to show more clearly the relation of the 
septum to the remainder of the left ventricle. This line has been retouched with white ink in the 
lowest photograph. In this specimen, the aortic leaflet of the mitral valve has been preserved; in 
some of the later illustrations this valve was removed showing the mitral-aortie orifice of the left 


ventricle. 


taken of the heart at this stage of dissection using 
the spears as reference axes for the three views. 
Next, the free wall of the right ventricle was cut 
away where it joins the septum, leaving only the 
left ventricle and septum; and photographs of the 
three views were taken at this stage of dissection, 
using the spears to obtain exactly the same positions 
as at the earlier stages of dissection. From the photo- 
graphs at the third stage of dissection it was possible 


nine of which are illustrated. In the remaining 
cases the lie of the left ventricle and the septum 
were determined by making serial sections through 
the heart parallel with the transverse plane as de- 
fined by the spears. 

In some cases the dissection was greatly facili 
tated by immersing the heart in slightly acidified 
water and bringing it to a boil. The epicardial fat 
and connective tissue were much more easily removed 
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fc lowing this treatment giving a much “cleaner” the dissolution of only intracardiac fat and con- 
s) ecimen and one which lent itself more satisfactorily nective tissue is unlikely. 


t. dehydrating and clearing or “mummifying” for Figure 1 shows the photographs in one case. The 


Ht. 69in., Wt. 165 Ib., Age 50 
Emphysema ¢ Cor Pulmonale 


Total heart weight 500 gm. 
Ventricles 280 gm. 
LY. and septum 190 gm. 
RV. (free wall ) 90 gm. 


2167 Ht. 74in., Wt. 114 ib., Age 25 
Hodgkins Disease 


Total heart weight 280qm. 
Ventricles 180 gm. 
LY. and septum 15O gm. 
LV RV. (tree wall) 30 gm. 


SEPT 


Fig. 2. Anterior view of the heart at the three stages of dissection. The right ventricular surface 
of the septum is shaded with oblique lines to facilitate identification. On the triaxial system below 
each series of drawings are plotted the mean spatial QRS vector and the frontal plane projection 
of the QRS loop with .02 and .04 second markers. In addition, the spatial directions of the ana- 
tomic long axis of the left ventricle and the long axis of the septum (which was selected as the 
line from the septal leaflet of the tricuspid valve to the apex of the right ventricle) are drawn on 
the triaxial system to show the relationship between the directions of the electrical forces and the 


lie of the heart. The duration of the QRS interval for the given case is indicated in parenthesis 
beside the triaxial figure. 


‘emonstration purposes. However, it reduced the 
eight of the ventricular mass by as much as 30 
‘r cent and reduced some of the measurements by 
) to 20 per cent. That this weight loss represented 


upper three photographs show anterior views of the 
heart at the three stages of dissection: first, of the 
intact heart; second, of the ventricular muscle mass; 
and, third, of the isolated left ventricle and septum. 
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The second row of photographs show views of the 
inferior or diaphragmatic surface of the heart at 
the same three stages of dissection; and the bottom 
row shows views of the lateral surface (looked at 
from the patient’s right side) at the same three 
stages of dissection. 


SEPT 


was selected as the line from the septal leaflet >f 
the tricuspid valve to the apex of the right ventric! ») 
are drawn on the triaxial system to show the rel.- 
tionship between the directions of the electric \] 
forces and the lie of the heart. The duration of t! e 
QRS interval for the given case is indicated in pare | - 


Ht. 69 in. Wt. over 300 Ib., 
H.C.V.D. 


Total heart wrt. 950gm. 
Ventricles 450 gm. 
LV.and septum 340Qm. 
RY. (free wall) 1 1 Ogm. 


Ht.66 in. Wt.100 Ib. Age 24 
Aortic Stenosis 

Total heart wt. 650 gm. 

Ventricles 355 gm. 

LV.and septum 280 gm. 

R.V. (free wall) 75 gm. 


Fig. 3. See text and legend for figure 2. 


Only the anterior views of the heart at the three 
stages of dissection are shown in the illustrations 
for the other cases (figs. 2, 3, 4). Pen and ink tracings 
were made from the photographs in order to facili- 
tate reproduction. Since the focal distance was not 
the same for each heart, the scale of one inch is 
shown in the upper left drawing in each case. The 
arrow drawn in the photograph of the left ventricle 
indicates the direction of the long axis of this ven- 
tricle. On the triaxial system below each series of 
drawings are plotted the mean spatial QRS vector 
and the frontal plane projection of the QRS loop 
with .02 and .04 second markers. In addition, the 
spatial directions of the anatomic long axis of the 
left ventricle and the long axis of the septum (which 


thesis beside the triaxial figure. The age, sex, height, 
weight, postmortem diagnosis, and weights of the 
heart at various stages of dissection* are recorded 


* The weight of the dissected ventricle is a mucl 
more accurate index of the presence and degree o 
ventricular hypertrophy than is the total weight o 
the heart. As has been known by pathologists sine: 
Muller’s classic dissections in 1883, the nonventric 
ular portions of the heart (auricles, epicardial fat 
and connective tissue) may represent from 20 to 61 
per cent of the total weight of the heart. Averag: 
normal weights are: left ventricle and septum, 14 
to 180 Gm., free wall of the right ventricle 30 to 5 
Gm." 2 
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at the lower right side of each figure. Nine cases 
wre selected from the series for illustration. Of the 
se en cases shown in figures 1, 2, 3 and 4, cases 
2) 52, 2166, 2177, and 2180 represent left ventricular 
hy pertrophy, 2184 represents right ventricular hy- 
prtrophy, 2187 is an instance of arteriosclerotic 
hart failure with little or no ventricular hyper- 
trophy, and 2167 is a normal heart. A relatively 
la ge number of cases of left ventricular hypertrophy 


QRS cycle, (3) the long axis of the left ven- 
tricle, and (4) the long axis of the septum are 
shown projected on the frontal plane of the 
body. It can be seen that there were wide 
variations in direction of the mean QRS vectors, 
from marked left axis deviation to definite 
right axis deviation. However, while the direc- 


2187 Ht.65 in. Wt. 165ib., Age 52 
A.S.HD. ‘€ failure 


Total heart weight 440gm. 
Ventricles 220gm. 
LV. and septum 160gm. 
RY. (free wall) 60 gm. 


2177 Ht. 68 in., Wt. I26lb., Age 44 
H.CV.D. 


Total heart weight 740 gm. 
Ventricles 360 gm. 
LN.and septum 280 gm. 
RY. (free wall ) 80 gm. 


Fia. 4. See text and legend for figure 2. 


a e shown because of the wide variation in direction 
the mean QRS vector in these cases. 
In figure 5 are shown the relevant anatomic 
d electrocardiographic findings in all cases 
sudied. The range of variation in direction 
(1) the mean QRS vector, (2) the mean .02 
s cond vector, which is the mean vector for the 
-rliest electrical forces generated during the 


tion of the mean QRS vector varied through 
180 degrees, the long axis of the left ventricle 
varied in direction less than 45 degrees. The 
.02 vector varied less than the mean QRS 
vector in direction, and the long axis of the 
septum varied less than 30 degrees in direction. 
The implications of these findings will be dis- 
cussed shortly. 
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To measure the rotations of the heart around 
its long axis, the direction of the axis of the 
left ventricle was compared with the direction 
of the septal axis in each case. It was found 
that these two axes had relatively the same 
relationship to one another in all cases studied. 
Thus, although the series included instances of 
right and left ventricular hypertrophy as well 
as normal hearts, no instances of significant 
clockwise or counterclockwise rotation were 
encountered. This can be seen in the illustra- 
tions, for it will be noted that the septum has 
nearly exactly the same relationship to the 
body of the left ventricle in all views in all 


subjects. 
oe 
MEAN QRS 
VECTOR 
> h 
02 VECTOR 
SEPTUM 
LEFT VENTRICLE 


FP lFicg. 5. (A) The range in direction of the mean 
QRS vector and the mean .02 second vector in the 
cases studied. (B) The range in direction of the long 
axis of the left ventricle and of the septum in these 
cases. 


Before discussing the electrocardiographic 
and anatomic implications of the findings, 
it is necessary to examine the validity of the 
method used. Obviously, the characteristics 
of the heart at post mortem are not identical 
with those in the living subject. The dying 
human heart is believed to cease beating in 
systole, yet the QRS electrical forces, which are 
the basis of the present study, are written 
during cardiac diastole. Furthermore, Friedman 
has shown that the heart is more completely 
emptied at death than it is by systole in the 
living subject, and that the volume of the heart 
(the tissue mass plus the contained blood) as 
studied by three-dimensional x-ray methods 
may be as much as 50 per cent less at death 
than it was in the living state.” 

Accordingly, the over-all size of the hearts 
shown in the illustrations is not the same as is 
obtained in the living state when QRS forces 
were generated. However, the general position 
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of the heart in the chest postmortem exami a- 
tion was probably very nearly the same during 
life, and the relationships of the various pats 
of the ventricles to one another shown in the 
illustrations were unquestionably the saine 
during life. Furthermore, since in all hearts tie 
positions of the right and left ventricle relati -e 
to one another and to the three body ayas 
were remarkably similar at postmortem e<- 
amination, in spite of wide variations in he: rt 
size, it is probable that these positions weve 
also remarkably similar during life. 


DIscuSssION 

These studies indicate that the QRS anis 
deviations commonly seen with ventricular 
hypertrophy are not due to anatomic rotation 
of the heart. Indeed, the lie of the left and right 
ventricles in the body was remarkably similar 
in all hearts, both normal and hypertrophied. 
To be sure, among normal subjects, those with 
a more horizontal left ventricle tended to have 
a QRS axis (or “mean QRS vector’ in the 
nomenclature of vector electrocardiography) 
which was horizontal to about the same degree. 
However, in the presence of left ventricular 
hypertrophy the electrical axis was often 
markedly rotated leftward while the anatomic 
position of the left ventricle in these cases was 
essentially the same as in the normal heart. 

Furthermore, in all hearts, both normal and 
hypertrophied, the long axes of the septum and 
left ventricle had essentially the same direc- 
tions relative to one another and to the body 
axes. Thus, there was no significant clockwise 
or counterclockwise rotation of the heart in 
any of the 24 hearts studied. The septum 
did not rotate with the development of ventric- 
ular hypertrophy, and there was little varia- 
tion in the degree of anterior tilt of the long 
axis of the heart, as can be seen in the illustra- 
tions. The detection of rotation of the heart 
on its long axis has been a prominent part of 
the unipolar method of electrocardiographic 
interpretation, with, in some instances, a rots: 
tion of over 90 degrees inferred from the elev- 
trocardiogram. From the present studies 
is apparent that such rotation rarely if ever 
occurs, and the “unipolar” electrocardiographi* 
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criteria for position and rotation of the heart 
lave little validity. 

The notion that the heart rotates in one or 
«nother direction in various heart diseases 
seems to have arisen principally in electro- 
vardiographic literature, for no basis for it has 
een found in anatomic literature. Evidently 
t arose as the simplest way to explain the 
ather marked changes in direction of the mean 
YRS axis with ventricular hypertrophy and 
rom an imperfect picture of the structure of the 
veart. Although anatomists had clearly de- 
‘ined the relationships of the various parts of 
the heart to one another, they had not been 
concerned with the relationship of these struc- 
tures to various regions of the body surface. 

The usual diagram of the ventricular heart 
in electrocardiographic and other cardiologic 
literature is of two chambers lying side by side, 
separated by an anterior-posterior partition, 
the septum, with the outflow orifices of the 
two chambers facing superiorly. Schematized 
in this way as a vertically pedunculated struc- 
ture, it is easy to see how the idea could arise 
that the heart might rotate with hypertrophy 
of one or the other ventricle. 

Actually, however, as can be seen in these 
illustrations, the left ventricle is a conical 
structure which in the supine subject lies rela- 
tively horizontally in the body. {ts inflow and 
outflow orifices face the right side of the body. 
The septum is structurally a part of the left 
ventricle, representing that part of the left 
ventricle to which the free wall of the right 
ventricle is attached. The septum does not 
extend anterior-posteriorly but instead is rela- 
tively parallel with the frontal plane, the right 
ventricle lying altogether anteriorly to the 
left ventricle. The remainder of the left ven- 
tricle, the “free wall,’’ which is considered in 
lectrocardiographic literature to be a lateral 
structure facing the left side of the body, 
ictually includes nearly 300 degrees of the 
‘ircumference of the left ventricle, and faces 
superiorly, posteriorly and inferiorly, a fairly 
‘large portion of it resting on the diaphragm. 

The inflow and outflow orifices of both 
ventricles communicate quite directly with 
relatively fixed intrathoracic structures. While 
in the left ventricle the inflow and outflow 


tracts are relatively parallel with one another, 
in the right ventricle they form a right angle 
(fig. 6). Thus, the right ventricle lies across the 
left ventricle, embracing it at its base, and 
anchoring the heart by its superior and in- 
ferior attachments. When these anatomic 


RIGHT VENTRICLE 


LEFT VENTRICLE 


Fig. 6. The directions of inflow and outflow tracts 
of the right and left ventricles. 


features are considered, it can be seen that the 
heart tends to be pyramidal with the base of 
the pyramid facing the right side of the body 
and the apices of this base firmly attached to 
the other intrathoracic structures. Thus, while 
the heart may shift superiorly or inferiorly, it 
is prevented from rotation on its long axis by 





the fixation of the base. Then, as these studies 
have shown, when right or left ventricular 
hypertrophy develops, the involved ventricle 
simply increases in thickness and length in this 
same relationship to other parts of the heart. 

Since anatomic rotation does not account 
for the marked axis deviation of left ventricular 
hypertrophy, what is its explanation? In order 
to answer this, it is first necessary to review the 
factors governing the sequence in which the 
various parts of the heart are excited. 
During the first .03 to .04 second of the QRS 
interval, endocardial surfaces of the right and 
left ventricles undergo activation. Since these 
surfaces are not changed in position by hyper- 
trophy, the vectors during this early part of the 
QRS interval should be relatively normally 
directed in the presence of ventricular hyper- 
trophy. This proved to be the case in the 
present series, for the direction of the mean 
.02 vector varied much less than did that of 
the mean QRS vector and had a more fixed 
relationship with the lie of the heart in all cases. 

The forces after the first .03 second of the 
QRS interval are effectively generated from 
the epicardial surfaces of the ventricles and 
tend to be directed perpendicularly to the 
generating surface. Since the epicardial area is 
greater than the endocardial area, these vec- 
tors are much greater in magnitude than the 
endocardial vectors. Furthermore, the epi- 
cardial forces from the right ventricle are 
normally smaller in magnitude and are gener- 
ated earlier than those of the left ventricle. 
Accordingly, the direction of the mean QRS 
vector in the normal subject and in the subject 
with left ventricular hypertrophy depends 
principally upon the characteristics of epi- 
cardial depolarization of the left ventricle. 
There are two factors which determine these 
characteristics: (1) The conduction system, 
that is the sequence in which the excitation 
process is distributed to the various regions 
of the left ventricle, and (2) the thickness of 
the wall of the left ventricle, for it takes ap- 
proximately 10 times longer for excitation to 
traverse the wall than to spread an equal dis- 
tance along the conduction pathways of the 
endocardium. 

The characteristics of left ventricular con- 
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duction have been recently reviewed by 
Murray.'® For present purposes it need only 
be pointed out that left ventricular excitation 
extends first down the endocardial surface of 
the anterior and diaphragmatic walls of the 
left ventricle toward the apex, and then 
spreads toward the base on the superior and 
posterior endocardial surfaces, ending usually 
at the remotest posterobasal region of the free 
wall of this ventricle. With normal wall thick- 
ness, epicardial excitation tends to follow this 
same sequence, but more slowly. The terminal 
QRS vectors in the normal subject tend to be 
resultants of vectors from the last epicardial 
regions to be depolarized, and therefore these 
terminal forces tend to be directed posteriorly 
and somewhat leftward. This is the explanation 
for the direction of the mean QRS vector in 
the normal subject. 

To be sure minor variations in this sequence 
of left ventricular depolarization are extremely 
common and, indeed, the fact that everyone 
has a slightly different QRS loop is probably 
primarily due to the fact that this sequence of 
endocardial and epicardial depolarization varies 
slightly from person to person. When the loop 
becomes prolonged in duration or abnormal 
in contour it is often possible to determine the 
location of the region of disturbed intra- 
ventricular conduction by studying the direc- 
tion of the initial QRS forces.'® And, since the 
epicardial vectors tend to be directed perpen- 
dicularly to the surface where they are gener- 
ated, the direction of terminal vectors will 
also reveal the delayed region, for, when 
plotted from the electrocardiogram as vectors, 
they tend to point toward the blocked region.° 

Increases in left ventricular wall thickness as 
in left ventricular hypertrophy delay the 
transmyocardial progression of excitation. This 
tends to extend the period of epicardial ex- 
citation” and more clearly separate in time the 
vectors generated from the very last region 
of the left ventricle from those generated from 
more intermediate regions. Because of this the 
terminal vectors are more exclusively con- 
tributed from the superior and posterior re- 
gions of the left ventricle in the hypertrophied 
than in the normal heart, and hence have a 
more superior and posterior direction than 














iormally. In addition, because of the increased 
surface area which accompanies the hyper- 
trophy, the vectors generated from the hyper- 
‘rophied region are increased in magnitude. 
Accordingly, in left ventricular hypertrophy the 
terminal QRS vectors are more leftward and 
posterior in direction and are greater in magni- 
tude than in the normal subject, even though 
the heart has essentially the same anatomic 
position in the two instances. This then is the 
explanation for the marked leftward QRS axis 
in left ventricular hypertrophy, with present 
views of ventricular excitation. 

There are other factors which, no doubt, 
contribute to the leftward direction of mean 
QRS vector in left ventricular hypertrophy. 
The anatomic studies of the hearts in this 
series of cases have shown that with hyper- 
trophy the diameter and length of the wall 
of the left ventricle are increased, but the 
diameter of the mitral-aortic orifice usually 
remains normal. This causes the contour of the 
free wall of the left ventricle to become con- 
siderably more bowed superiorly and _pos- 
teriorly than normally (fig. 7). As a conse- 
quence, the epicardial surface of the base of the 
left ventricle comes to face more superiorly, 
and, in some cases, even rightward. This also 
causes the terminal vectors of the left ventricle 
to be directed more superiorly and posteriorly 
than in the normal subject. 

Still another factor has been suggested by 
Wilson.'® The wave of excitation travels much 
faster along the endocardial surface than it does 
across the wall of the left ventricle. When the 
wall is increased in thickness, this difference 
in rate of movement causes the wave of ex- 
citation advancing across the myocardial wall 
to become more and more oblique to the surface 

f the heart. As a consequence, the epicardial 
RS vectors tend to be oblique to the surface 

ather than perpendicular as in the normal 
subject. This would cause the direction of 

nean QRS vectors to be more leftward and 
posterior in the presence of left ventricular 
iypertrophy than in the normal heart. 

Not all hearts with left ventricular hyper- 
trophy show a left axis deviation. For example, 
in case 2180 the mean QRS vector is somewhat 

vertical in direction in the frontal plane, in 
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2170 and 2206 it is horizontal, while in 2166 
and 2162 it is markedly leftward. Yet the left 
ventricle had essentially the same position in 
all these cases, and no systematic feature of 
wall thickness, length of inflow or outflow tract, 
or left ventricular weight could be identified 
to account for this variation. It has been sug- 
gested that a normally directed QRS axis in 
the presence of ventricular hypertrophy indi- 


AORTIC ORIFICE 
MITRAL ORIFICE 
TRICUSPID: ORIFICE 
PULMONARY ORIFICE 
FREE WALL RV. 


wiun- 


Fig. 7. Comparison of a normal and an hyper- 
trophied left ventricle, right lateral view above, 
inferior or diaphragmatic view below. The free wall 
of the right ventricle has been removed. Larger 
heart: case 2227, mitral stenosis and aortic insuf- 
ficiency due to chronic rheumatic fever; weight of 
the left ventricle and septum: 360 Gm. Smaller heart: 
case 2209, bronchogenic carcinoma; weight of the left 
ventricle and septum: 130 Gm. 


cates the presence of combined right and left 
ventricular hypertrophy.'® This was not the 
case in the present series as can be seen by 
comparing the right ventricular weights. It 
must be concluded that the mean QRS vector 
is vertical or horizontal in these cases because of 
anomalous. intraventricular conduction. Per- 
haps delay im the posterior subdivisions of the 
left bundle branch is responsible for the rela- 
tively vertical axis in some of these cases.'® 
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When left ventricular hypertrophy is marked, 
the directions of the early QRS forces are often 
changed, becoming more or less parallel with 
the mean QRS vector (and manifested by 
absence of an initial R wave in V,; and V2 
and lead III). Although no instance of this 
type with a QRS interval measuring less than 
.12 second was encountered in the present 
series, there are two possible explanations for 
this abnormality, either of which may be 
responsible in a given case: (1) it may represent 
selective delay in the anterior divisions of the 
left bundle branch,'* or, (2) it may represent 
the presence of significant dilatation in addi- 
tion to the hypertrophy. The anatomic studies 
done in connection with this series of cases 
have confirmed the observation of Kirch that 
in left ventricular dilatation the inflow tract 
and superior wall of the left ventricle may often 
become more markedly stretched and bowed 
than the outflow tract and inferior wall. Under 
these circumstances the vectors generated from 
the endocardium of the inflow tract tend to be 
increased in magnitude. The resultant vectors 
during the first .03 second of the QRS loop 
would be dominated by these larger posteriorly 
directed vectors and point leftward and pos- 
teriorly, thus producing Q waves in V,, V2 
and V3. 

There was a single instance of right ven- 
tricular hypertrophy in the present series, a 
case of cor pulmonale due to pulmonary em- 
physema (case 2184), and the mean QRS vector 
was relatively vertical in this case. Although 
the descent of the diaphragms in pulmonary 
emphysema may often cause the heart to 
rotate somewhat rightward producing right 
axis deviation, this proved not to be the case 
in the present instance. As can be seen in the 
illustration, the right ventricle became more 
prominent but did not produce significant rota- 
tion of the heart as a whole. Accordingly, the 
vertical axis in this case must be due, not to 
rotation of the heart, but to the larger epi- 
cardial surface area and increased wall thick- 
ness of the right ventricle. This would cause the 
epicardial vectors from the right ventricle to 
be increased in magnitude and slightly delayed 
in time, causing the mean QRS vector to have 
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a more rightward direction than normally 
That the mean QRS vector was directed in 
feriorly rather than anteriorly may be due tv 
the fact that the inflow tract of the right ven 
tricle was more hypertrophied than the outfloy 
tract.2! The measurements of the right ventricl 
in this heart indicated that while the lengt} 
of the inflow and outflow tracts were abou 
equally increased, the wall of the inflow trac 
was significantly more increased in thicknes 
than was the wall of the outflow tract. As cai 
be seen in the protocol in the illustration, th« 
free wall of the right ventricle was nearly thre« 
times normal weight in this case. 

There are two other aspects of these studies 
which are of electrocardiographic interest. One 
of these concerns the electrical forces generated 
by the septum. It has been widely accepted 
that the earliest region of the ventricular myo 
cardium from which QRS forces are generated 
is the interventricular septum, producing a 
force traveling from the left to the right side 
of the septum.’ * If this force were perpen- 
dicular to the septum it would be significantly 
different in direction from the remainder of the 
resultant forces during the QRS interval. On 
this supposition, the appearance of Q waves in 
leads on the left lateral chest have been at- 
tributed to a septal electrical force, and vari- 
ations in the distribution of these Q waves in 
the various unipolar leads have been used to 
identify rotation of the septum. 

In the present study, it was found that the 
septum has very nearly the same position in 
the chest in all hearts, both normal and ab- 
normal as can be seen in the illustrations. It 
is relatively parallel with the frontal plane, 
its apex somewhat anterior to its base, and 
in none of the 24 cases studied was significant 
rotation of the septum encountered. Wher 
the lie of the septum was compared with th« 
direction of the mean force for the first .02 
second of the QRS interval, it was found tha‘ 
this vector tended to be more tangential thai 
perpendicular to the septum (fig. 5). Thus 
there appears to be little validity in the notio1 
of a “septal Q wave.” As others have suggested 
if there is a measurable QRS force due to ex 
clusive septal activation, it is likely that it i: 
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of considerably shorter duration than .02 and 
1ay be too small in magnitude to be recorded 
rom body surface leads." 

Another implication of these anatomic 
tudies concerns the nomenclature of myo- 
‘ardial infarctions. In _ electrocardiography, 
‘posterior” myocardial infarction was so 
lesignated because of the notion that the 
eptum extended anterior-posteriorly, defining 
in anterior and posterior region of the left 
ventricle. From this reasoning, infarcts of the 
eft ventricle adjacent to the “posterior” at- 
iachment of the septum were called ‘‘posterior”’ 
nfarets. However, as can be seen in the il- 
lustrations and as has been long recognized by 
anatomists, the interventricular septum is not 
an anterior-posterior structure, but more nearly 
lies parallel with the frontal plane. The sulcus 
for the descending branch of the right coronary 
artery and the adjacent region of the left 
ventricle where “posterior” infarcts occur, 
rests on the diaphragm. Hence infarcts in this 
region are more accurately termed ‘“dia- 
phragmatic”’ or “‘inferior’’ than posterior. 

The notion that “posterior” infarcts lie on 
the anatomically posterior wall of the left 
ventricle has been a source of confusion in 
clinical electrocardiography as well. The QRS 
and T wave deformities of myocardial in- 
farction are due to abnormal QRS and T forces 
pointing away from the location of the in- 
farct.®: 18 Therefore, if a “posterior” infarct were 
actually due to a lesion on the anatomically 
posterior wall of the heart, the QRS and T ab- 
normalities should be most conspicuous in the 
precordial leads, for these leads effectively 
measure anterior-posterior forces, while the 
limb leads measure forces parallel to the frontal 
plane of the body. Actually, however, the most 
conspicuous QRS and T abnormalities of what 
is called “posterior” infarction are seen in the 
imb leads (Q: T;, with Q waves in leads II 
ind V;, and relatively normal precordial 
eads in most cases). When the directions of 
he abnormal QRS and T forces of such “‘pos- 
erior’” myocardial infarctions are measured, 
hey prove to point away from the diaphrag- 
natie and not the posterior region of the heart. 
Thus, the electrocardiographic evidence con- 


firms the point of view expressed in the previous 
paragraph, that ‘posterior’ myocardial in- 
farctions actually lie in the diaphragmatic and 
not in the anatomically posterior wal] of the 
left ventricle. 


SUMMARY 


1. A method was devised for accurately 
defining the postmortem position of the left 
ventricle and the interventricular septum in 
terms of three body axes. These anatomic 
findings were compared with the characteristics 
of the mean QRS and mean .02 second vectors 
of the premortem electrocardiogram in 24 sub- 
jects, 14 of whom had varying degrees of right 
or left ventricular hypertrophy and/or dilata- 
tion, and 10 of whom had no heart disease. 

2. It was found that the left ventricle and 
the interventricular septum have remarkably 
similar positions in the body in all subjects 
regardless of the presence or type of heart 
disease, and no instances of significant clock- 
wise or counterclockwise rotation of the heart 
were encountered. On the basis of these find- 
ings it is concluded that the criteria in ‘“uni- 
polar” electrocardiography for identifying the 
position and rotation of the heart and its com- 
ponents have little validity. 

3. In view of the fact that rotation of the 
heart is not responsible for the QRS axis de- 
viation of the ventricular hypertrophy an 
alternative explanation is offered which is 
consistent with prevailing concepts of ventricu- 
Jar excitation. 
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SumMaArRIo EspaNou 


La posicién anatémica del corazén se com- 
par6 con las direcciones de las fuerzas eléctricas 
QRS en un niimero de sujetos con y sin en- 
fermedad cardiaca, usando un método para 
precisar la localizacién de las estructuras 
ventriculares en el cuerpo durante la autopsia. 
Aunque el QRS promedio varié por 180° en 
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estos sujetos, la posicién anatémica del ventrf- 
culo izquierdo varié menos de 45 grados. En 


ningtin instante se encontré rotacién significa- 


tiva del corazén alrededor de su eje, y se de- 
muestra que el criterio electrocardiografico 
unipolar para posicién y rotacién del corazén 
tiene poco valor. Una explicacién para las 
desviaciones del eje en hipertrofia ventricular 
se ofrece. 
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The Electrocardiographic Effects of 


Intravenous Veratrum Viride 


By SrerHen R. Exex, M.D., J. Dougtas McNair, M.D., anp 
GeorGE C. GrirritH, M.D. 


Previously unnoted T-wave inversions in the precordial leads resulting from the intravenous injec- 
tion of veratrum viride are described. Evidence is presented that these changes are not caused 
either by the hypotensive action of the drug or by myocardial anoxia or by hypopotassemia. The 
T-wave inversions probably result from vagal stimulation which cause altered ventricular re- 


polarization. 


XCELLENT articles have appeared on 

the hypotensive effects of the drug 

veratrum viride.':? There have been 
no systematic studies, however, of the electro- 
cardiographic effects of the veratrum alkaloids. 
In four out of eight patients given protover- 
atrine intravenously, Meilman and Krayer? 
found a temporary return to normal of a flat 
or inverted T wave in lead I, but they studied 
only the limb leads. Fries and Stanton* also 
reported reversal of the strain pattern of hy- 
pertensive heart disease after treatment with 
oral veratrum viride. While the hypotensive 
actions! of intravenously administered ve- 
ratrum alkaloids were being investigated in 
our laboratory, certain § electrocardiographic 
changes which have not been reported were 
observed; these changes are the basis of this 
report. 


PATIENTS AND MATERIALS 


When this investigation was begun three years 
ago, the purified alkaloids of veratrum were not 
available; Veratrone* was therefore used. This prep- 
ration is an alcoholic solution of the mixed alka- 
loids of veratrum viride, each cubic centimeter 
‘ontaining 2.5 mg. of the alkaloids. A dose of 0.3 to 
).5 mg. was measured with a tuberculin syringe, 
liluted with physiologic saline to 1.0 cc. and given 
ntravenously in two to three minutes. This dose 
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was used irrespective of weight or age since we 
found that it uniformly produces a significant vaso- 
depression.4 

Eighteen patients from 29 to 66 years of age 
were selected from the clinic and hospital for study; 
15 were men and 3 were women. All these patients 
had a blood pressure over 150/100, most of them 
for more than five years; one patient had a blood 
pressure of 150/90 with a previously established 
diagnosis of chronic essential hypertension. 

Electrocardiographic changes were observed at 
frequent intervals on a Sanborn Visocardiette. In 
two patients only standard limb leads were recorded, 
and in one, only the standard and CF leads. In the 
remaining patients, standard and unipolar limb 
leads and precordial leads were recorded. 


RESULTS 


In eight of the patients, a control injection of 
1.0 cc. of normal saline given intravenously 
one half hour before the veratrum had no 
effect on the blood pressure or electrocardio- 
gram. The electrocardiographic effects observed 
following the intravenous administration of 
veratrum viride may be divided into two main 
groups. 


1. Rhythmicity, Conductivity, and Irritability 

Effects 

Three patients developed ectopic rhythms 
after receiving 0.5 mg. of veratrum. In one 
patient nodal rhythm occurred and persisted 
for about one minute. The other patient de- 
veloped second degree A-V block, accompanied 
by ventricular premature systoles of eight 
minutes’ duration. This was soon followed by 
complete A-V dissociation with idioventricular 
rhythm of variable rate, during which time the 
blood pressure dropped rapidly. Atropine 
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(1.3 mg.) was given by vein and a normal 
sinus rhythm was restored within five minutes. 
The third patient developed ventricular pre- 
mature systoles of brief duration. 


2. T-Wave Changes 


The T-wave alterations were of several types 
and are grouped as follows: (a) change from 


RM. AGE 32F. 5-13-49 
CONTROL BP 215/152 


coe 


——~ = an ~~ ~~ 


et 


20° AFTER Mii VERATRONE LV. 


SO' AFTER VERATRONE 


cordial leads varied in type and degree in dif- 
ferent electrocardiographic positions. Inversion 
of the T waves was most pronounced in 
leads Vy, and V;. Inversion of the terminal 
portion of the descending limb of the T wave 
was usually seen in V2 and V3; occasionally, 
the descending limb of T was inverted in V,; and 
V., and the ascending limb in V4, to V6. 


B.P. BETWEEN 100/60 AND 116/80 


r —_—V—e 
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BR 230/120 _ 


+ * 4 
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Fic. 1. T-wave inversions, marked in V, following 0.5 mg. of veratrum viride, and not affected by 


0.4 mg. of nitroglycerin. See text. 


upright to inverted T, observed four times; 
(b) inversion of ascending or descending limb 
of T, seen three times; (c) increase of inversion 
of control inverted T, seen four times; (d) 
decrease of inversion of control inverted T, 
seen twice; (e) change from inverted to up- 
right T, seen once; (f) no change, observed in 
one patient. 

Of 15 patients studied with precordial 
leads, 11 exhibited some of the six changes 
just stated. The T-wave changes in the pre- 


The most marked increase in inversion of the 
T wave was from a control negativity of 2 
mm. to a negativity of 4 mm. in leads V, to V, 
(fig. 1); this lasted for 90 minutes. As shown, 
the initially upright T wave in leads I, V2, 
and V, became inverted, while the T wave in 
lead II decreased in amplitude and the T wave 
in lead III became taller. Other T-wave in- 
versions after veratrum viride are shown in 
figures 2 and 3. One patient showed a change 
from an inverted T in lead III to an upright T 


. 
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vithout T-wave changes in precordial leads. 
[-wave changes in limb and precordial leads, 
herefore, are not always correlated. 
Nitroglycerin, oxygen, Neosynephrine, and 
itropine were given to several patients in whom 
he veratrum preparation produced T-wave 
‘hanges. In two patients, nitroglycerin, 0.4 
ng. sublingually, did not influence the in- 
verted T waves (fig. 1). In two subjects, 100 


THOMAS H. AGE 30 M 6-11-49 


CONTROL BP 184/120 


given intravenously to three patients 10 to 30 
minutes before the injection of Veratrone. It 
was also administered in the same doses in- 
travenously to three other patients 15 to 40 
minutes after the injection of Veratrone, at a 
time when maximum electrocardiographic 
changes had developed. In one patient illus- 
trated in figure 2, atropine, 1.2 mg. given 15 
minutes after the administration of Veratrone, 
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Fic. 2. T-wave inversions, following 0.5 mg. of veratrum viride, unaffected by breathing 100 per 
cent oxygen for 10 minutes, but reversed by 1.2 mg. atropine. Discussed in text. 


per cent oxygen administered for 5 to 15 
minutes by mask caused no change (fig. 2). 

As seen in figure 3, the vasopressor effect of 
|.0 mg. of Neosynephrine given intravenously 
vas associated with a reversal of the inversion 
f the T waves. In three other patients similar 
ffects in leads Vy and V; followed Neosyn- 
»:phrine administered intravenously in doses of 
).3 to 0.7 mg. 

Atropine in doses of 0.65 mg. to 2.6 mg. was 


changed the inverted T waves in the precordial 
leads to the upright configuration seen in the 
control record. When, on a different occasion, 
the same patient was given 1.2 mg. of atropine 
30 minutes prior to Veratrone, inversion of the 
T waves in the precordial leads did not occur. 
Comparable findings were noted in another 
patient who received atropine both before 
and after veratrum viride. In one subject, 
atropine given 20 minutes prior to veratrum 
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viride prevented inversion of the T waves in 
V; and Vy, and in another patient atropine 
given 20 minutes after veratrum viride altered 
the inverted T wave in V, to upright. 

In one patient veratrum viride elevated 
rather than inverted the precordial T waves: 
the left ventricular strain pattern, best seen in 
leads V; ard V¢, disappeared five minutes 


“THOMAS H. AGE 30M. 8-18-49 


GONTROL BP 184/124 


9' AFTER M TiT VERATRONE 
LV. BP 135780 


16° AFTER VERATRONE 
BP 126/80 


24° AFTER VERATRONE 
5' AFTER NEO-SYNEPHRIN 
LV. BP 26047140 


37, AFTER VERATRONE 
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P 98712 


waves to those seen in myocardial anoxia. 
The appearance of these changes during the 
drop in blood pressure, and their disappearance 
after the blood pressure was elevated by 
pressor drugs, suggests the presence of anoxia. 
Although it is well known that myocardial] 
anoxia can be produced when the blood 
pressure is reduced to low levels, it has not been 


Fic. 3. T-wave inversions resulting from 0.5 mg. of veratrum viride apparently reversed by the 
pressor effect of 1.0 mg. of Neosynephrine. Discussed in text. 


after the injection of 0.3 mg. of the drug and 
did not reappear for at least 20 minutes. 


DIscuUSSION 


The observations in the present experiments 
that, following the administration of veratrum, 
upright T waves, especially in the precordial 
leads, became inverted suggest the possibility 
that myocardial anoxia developed as_ blood 
pressure fell. This concept seems to be sup- 
ported by the resemblance of the inverted T 


demonstrated that this necessarily exists dur- 
ing relative hypotension, or a drop from hy- 
pertensive to normal levels. Many factors 
other than anoxia, such as drinking cold 
water,® thermal alteration of ventricular re- 
polarization,® and drugs and other agents, 
have been shown to cause inversion of the T 
waves in the electrocardiogram. 

None of the patients developed abnormal Q 
waves, although the T-wave inversion per- 
sisted as long as one and one-half hours and the 
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blood pressure was reduced to subnormal levels. 
Anginal symptoms did not occur during these 
experiments; this is in accord with the ob- 
servations of Meilman and Krayer? that the 
administration of protoveratrine by vein to 
two patients with a history of angina did not 
aggravate the symptoms. 

Nitroglycerin and oxygen had no effect on 
the T-wave alterations; this suggests that 
veratrum does not cause coronary vasocon- 
striction. The T-wave inversions appeared at 
normal or subnormal blood pressure levels in 
some patients, before the hypotensive effect 
had developed, and persisted after the major 
hypotensive effect had subsided. In several 
patients these changes had disappeared before 
the blood pressure rise (due to diminution of 
veratrum effect) had started. Since the T- 
wave inversions may occur independently of 
the blood pressure changes, the latter do not 
necessarily cause the former. 

The duplication of the T-wave alterations by 
the application of carotid sinus pressure 
(fig. 4), either before or after the injection of 
veratrum, is a most interesting finding and 
suggests that vagal stimulation can influence 
repolarization of the myocardium. However, 
the blood pressure lowering effect of carotid 
sinus pressure noted in figure 4 cannot be 
separated from its vagal stimulating action, 
except by the fact that hypotension caused by 
carotid sinus pressure (fig. +) occurred within 
at least four seconds after the application of 
pressure, whereas the hypotension resulting 
from veratrum did not develop for 8 to 15 
minutes after the administration of the drug. 
If hypotension causes myocardial anoxia, it 
would seem that more than four seconds 
would be required for it to develop. Further- 
more, Levine’ has reported that carotid sinus 
pressure relieves angina by virtue of the de- 
creased demand for coronary flow during a 
slower heart rate. This relief of angina would 
hardly support the concept of myocardial 
anoxia. 

With regard to the parasympathomimetic 
action of veratrum, it is of interest that the one 
patient who developed A-V dissociation had 
been on digitalis for several weeks prior to the 
experiment, so that veratrum probably ac- 


( 


centuated the vagal and/or cardiac action of 
digitalis. There is evidence that other para- 
sympathomimetic drugs, such as Mecholyl,’ 
can invert T waves, although these effects have 
been studied only in limb leads. 

The disappearance of the left ventricular 
strain pattern in one patient is difficult to 
explain. Since coronary vasoconstriction does 
not occur in these experiments, it is suggested 
that veratrum alters ventricular repolariza- 
tion by reason of its vagal stimulating action. 
This idea gains some support from the work of 
Hellerstein and Liebow® who found T-wave 
changes as a result of thermal alterations of the 
properties of the endocardium and/or epi- 
cardium. They reported that when an electrode 


Patient T.H. 


CAROTID SINUS PRESSURE 














Fic. 4. Effect of carotid sinus pressure before 
veratrum viride (1) and after administration of the 
drug (2) in patient T. H. Also illustrated in figure 3. 
Discussed in text. 


is near an area of retarded repolarization, the 
T wave becomes negative and vice versa. It is 
possible that the veratrum-induced vagal 
stimulation caused retarded epicardial re- 
polarization and, thereby, produced reversal 
of the T-wave changes discussed above. In the 
case of the patient with normalization of left 
ventricular strain pattern, it is possible that 
there occurred relatively greater delay in 
subendocardial repolarization, thereby pro- 
ducing upright T waves. 

A further possibility suggests itself. Bellet?» '° 
has shown in both animals and man that 
inverted precordial T waves without QRS 
changes can occur as a result of hypopo- 
tassemia. There is a close resemblance between 
the inverted T waves in our experiments and 
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in those of Bellet’s experiments. The possi- 
bility of a relationship between veratrum and 
hypopotassemia was tested by comparing the 
plasma potassium levels before and after the in- 
jection of 0.5 mg. of veratrum in eight patients 
(table 1). The plasma potassium concentration 
was not significantly changed after veratrum. 
Despite the occurrence of vasodepression in 
these patients, inverted precordial T waves 
were seen in only two patients. The possibility 
is not excluded that in a larger series plasma 
potassium may be found to be altered. Further- 
more, plasma potassium determinations were 
done only during the maximum hypotensive 
response, but not after that period. This facet 
of the investigation indicates that intravenous 


TaBLe 1.—Effect of 0.5 mg. Intravenous Veratrum 
Viride on Blood Pressure and Blood Potassium 


Lowest Blood | Control Plasma 

Pressure after Plasma _ K after 
Drug K Drug 

(mm. Hg (mg. %) | (mg. %) 


Control Blood 
Patient Pressure in 
mm. Hg 


ag; aS. 
ra. a: 


265/200 166/128 4 
298/172 254/140 4 
R. M. 214/140 168/140 3 
"8. 230/150 182/132 3 
B. M. 210/112 160/98 4. 
4 
4 
4 


“5 


4. 
3. 


w 


M. W. 170/130 134/112 
E. B. 260/150 138/88 
amex 210/130 90/58 


oe te oe 


wo 


* Malignant hypertension. 


veratrum viride does not alter plasma potas- 
sium during the maximum fall of blood pres- 
sure. 

The concept of reflex vasodepression via the 
vagus has arisen largely on the basis of ex- 
perimental work with this drug. Von Bezold 
and Hirt" and Jarisch and Richter’ observed 
in animals a vasodepression and bradycardia 
which was abolished by sectioning the vagi; 
this is known as the Bezold effect. It has been 
shown, notably by Dawes," that the left 
ventricle is the most important receptor site 
for the afferent are of the Bezold reflex; the 
efferent pathways for this reflex are incom- 
pletely known. It was noted in our experiments 
that the precordial T-wave inversions usually 
occurred in complexes of left ventricular origin. 
This lends indirect support to the idea that the 


left ventricle is a site of the efferent are of the 
Bezold reflex. 


SUMMARY AND CONCLUSIONS 


1. Veratrum viride in doses of 0.3 to 0.5 
mg. was administered intravenously to 18 
hypertensive patients and electrocardiographic 
effects were studied. 

2. Two patients developed ectopic arrhyth- 
mias and one patient had second degree A-V 
block and A-V dissociation. 

3. Hitherto unnoted T-wave _ inversion, 
chiefly in leads V4 and V¢, are described. These 
changes are not necessarily related to the 
hypotensive effect of the drug and are not 
affected by oxygen or nitroglycerin. The 
pressor effect of Neosynephrine and atropine 
abolished these T-wave changes. In one patient, 

ragal stimulation by carotid sinus pressure 
reproduced the T-wave inversions. Although 
the latter resemble the T-wave inversions of 
hypopotassemia, no alterations in blood potas- 
sium were found during the period of maximum 
hypotensive action of the drug. 

4. The parasympathomimetic action of ve- 
ratrum viride can cause T-wave changes which 
very likely are not the result of myocardial 
anoxia, but rather of altered ventricular 
repolarization. 


SuMARIO EspaNou 


Inversiones de las ondas T previamente no 
notadas en la derivaciones precordiales resul- 
tado de inyeccion intravenosa de veratrum 
viride se describen. Evidencia se presenta de 
que estos cambios no son causados por la accién 
hipotensa de la droga ni por la anoxia del mio- 
cardio 0 hipopotasemia. Las inversiones de las 
ondas T probablemente resultan debido a esti- 
mulacién vagal que causa repolarizacién ven- 
tricular alterada. 
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Studies Utilizing the Portable Electromagnetic 
Ballistocardiograph 


IV. The Clinical Significance of Serial Ballistocardiograms 
F ollowing Acute Myocardial Infarction 


By Harry MAnpevsaum, M.D., anp Roperr A. MANDELBAUM, M.D. 


One hundred patients, who had survived their first episode of myocardial infarction, were studied 
by serial ballistocardiograms which provided a reliable index in determining myocardial func- 
tional recovery. The degree of ballistocardiographic reversion toward normal, as judged by an 18- 
month or longer follow-up period, bas proved to be a valuable standard for prognosis. 


HE BALLISTOCARDIOGRAPHIC 

findings in acute myocardial infarction 

were first completely described by 
Starr.! With rare exceptions, these variations 
from the normal pattern are the most marked 
to be found in clinical ballistocardiography. 
They recently have been restudied by various 
observers.2-* The phenomenon of ballisto- 
cardiographic recovery toward normal from 
the abnormalities of acute myocardial in- 
farction was also described by Starr.! It is our 
purpose, in this paper, to present our ex- 
periences with serial ballistocardiograms follow- 
ing acute myocardial infarction, in order to 
demonstrate their clinical value to the 
physician responsible for the care of the 
patient with this illness. 

The clinical study group was composed of 
67 men and 33 women (table 1). The 12 
fatalities in this group occurred later than six 
months following the onset of the myocardial 
infarction. The 88 surviving patients were the 
objects of our follow-up study for 18 months 
or longer. The diagnosis of acute myocardial 
infarction was established by the present 
accepted criteria.* Subjects who had suffered 
a previous myocardial infarction, as well as 
those who did not survive more than six 
months, were excluded from the study. The 
100 cases of acute myocardial infarction were 
subjected to serial ballistocardiographic stud- 
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ies, using the portable electromagnetic ballis- 
tocardiographic technics previously  de- 
scribed.*: 7: The abnormalities in the ballisto- 
cardiograms were graded I to IV in degree, 
following the criteria of Brown and co-authors.’ 
The exercise test, which was part of the 
ballistocardiographic study as our patients 
recovered, consisted of 10 trips over a standard 
two-step platform.’ 

In 41 cases, a ballistocardiographic study was 
done during the first week of the illness; all 
but 1 of these 41 ballistocardiograms were 
graded II or worse in degree of abnormality. 
(The one subject with a normal ballistocardio- 
gram eight days after a myocardial infarction 
was a young man of 36 who made a rapid, 
uneventful recovery from an epicardial in- 
farction.) Serial ballistocardiographic studies 
for all the patients in this study group were 
begun at approximately four weeks after the 
onset of the infarction, when the patient had 
begun ambulation. The electrocardiogram in- 
dicated a stable electrical pattern and the 
erythrocyte sedimentation rate was normal in 
almost all instances. Serial ballistocardiograms 
were taken at two week intervals during the 
first three months of the study, and at monthly 
intervals thereafter, and indicated that ballis- 
tocardiographic reversion toward normal may 
continue from four weeks to eight months 
after a normal erythrocyte sedimentation rate 
had been attained. In a large majority of 
cases, the ballistocardiogram had improved to 
the greatest extent possible within six months 
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after the initial myocardial infarction. Gradual 
increase in the patient’s activity was per- 
mitted during the period of ballistocardio- 
graphic recovery, but it did not seem wise to 
consider a patient well and ready for full 
activity until his ballistocardiogram, recording 
the force of cardiac ejection,!’ had improved 
to the greatest degree possible, both at rest and 
after the exercise test. (A grade II abnormality 


eighth week, and was then permitted to return 
to work. The 36 year old man referred to in the 
preceding paragraph, whose ballistocardiogram 
was normal eight days after the occurrence 
of his infarct, was also at work at the eighth 
week. There were seven others, three over 50 
years of age, whose ballistocardiograms re- 
turned to normal, at rest and after exercise, 
within 3 to 12 months after the myocardial 


TaBLeE 1.—Serial Ballistocardiographic Studies of 100 Subjects, Following Their First Myocardial Infarction 


Number of 


a ; . ; * 
Ballistocardiogram patients 


Sex Age 


Normal at rest and 9 
after exercise 


30 to 39, 3 
40 to 49, 3 
50 to 59, 3 


Minimal abnormality 22 
(grade I) at rest or 
after exercise 


30 to 39, 1 
40 to 49, 4 
50 to 59, 15 
60 to 69, 2 


Moderate abnormal- 
ity (grade II) at | 40 to 49, 4 
rest or after exer- | 50 to 59, 19 
cise 60 to 69, 8 

70 to 79, 2 


30 to 39, 1 


Marked abnormality 
(grade III or IV) at 40 to 49, 4 
rest or after exer- 50 to 59, 19 
cise 60 to 69, 11 

70 to 79, 1 


30 to 39, 0 


Electrocardiogram 


0 Blood pressure 
(Postinfarction) 


(prior to infarction) 


Normal 

Resid. Ant. Wall 
Resid. Post. Wall 
Bundle Branch B. 1 


Normotensive 
Hypertension Gr. It 
Hypertension Gr. II 


Normal 3 
Min. Myo. Changes 2 
Resid. Ant. Wall 10 
Resid. Post. Wall 6 
Left Vent. Hyper. 1 


Normotensive 
Hypertension Gr. I 
Hypertension Gr. 


Normal 1 
Min. Myo. Changes 4 
Resid. Ant. Wall 14 
Resid. Post. Wall 10 
Left Vent. Hyper. 2 
Bundle Branch B. 3 


Normotensive 

Hypertension Gr. 
Hypertension Gr. 
Hypertension Gr. 


Normal 0 
Min. Myo. Changes 3 
Resid. Ant. Wall 14 
Resid. Post. Wall 13 
Left Vent. Hyper. 2 
Bundle Branch B. 3 


Normotensive 

Hypertension Gr. 
Hypertension Gr. 
Hypertension Gr. 


* Maximal degree of ballistocardiographic recovery attainable by each subject during the observation period, 
with the exception of 4 subjects with grade IIT tracings who had shown grade II patterns for varying intervals 


before regressing to grade ITI. 
t Wagener-Keith classification. 


at rest or after exercise was arbitrarily chosen 
as the greatest degree of ballistocardiographic 
abnormality with which we would permit a 
patient to undertake full activity.) 

There were 65 patients in whom ballisto- 
cardiographic recovery to grade II or better was 
found. Subjects under the age of 42 demon- 
strated a more prompt ballistocardiographic 
recovery. A 34 year old man, who had suffered 
a posterior wall myocardial infarction, showed 
a normal ballistocardiogram at the end of the 


infarction. All of these have returned to full 
activity and are without complaints. In 22 
patients, ballistocardiographic recovery to 
grade I, at rest or after exercise was found; all 
of these were without restriction of activity 
before the end of the first year of observation. 
Four of the 22 complained of occasional 
angina pectoris on extended effort. In the 
34 remaining of these 65 patients, the ballis- 
tocardiograms never became better than grade 
II. Two of this group have suffered another 
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myocardial infarction; one died 14 months 
after the initial myocardial infarct; the other 
is suffering from angina on slight effort, and 
his ballistocardiogram is now grade III. 
Twenty-four returned to their former occupa- 
tions (household or gainful), and of these, 
seven have angina pectoris after unusual 
effort. The remaining eight are disabled by 
recurrent congestive heart failure or severe 
angina of effort. 

In this group of 65 cases with ballistocardio- 
graphic recovery to grade II or better, 10 did 
poorly. In none of these 10 had the ballisto- 
cardiogram improved to better than grade IT. 
One died after a second myocardial infarct. 
Nine were incapacitated by angina or repeated 
episodes of congestive heart failure. 

There were 35 patients in whom marked 
abnormalities (grade III or IV) of the ballisto- 
cardiogram were found. In 19, the ballisto- 
cardiogram was grade III; four had tempo- 
rarily attained a grade II pattern. Two of the 
19 died in a subsequent attack of myocardial 
infarction: one 10 months, the other 17 months 
after the initiai episode. Nine were totally 
disabled by congestive heart failure or severe 
angina pectoris, or both. Five are engaged in 
sedentary work but have angina pectoris on 
effort. Three have no complaints and have 
returned to their former occupations after 
nine months of convalescence; in two of these 
patients, the ballistocardiograms improved to 
grade II in the twenty-fifth and twenty-sixth 
month of observation, respectively, after more 
than a year of uninterrupted work. In 16 
subjects, serial ballistocardiograms showed a 
persistence of a grade IV pattern. Nine of these 
patients have died: one seven months, another 
nine months, and the remainder within 18 
months following the initial myocardial in- 
farction. Seven patients were incapacitated by 
recurrent episodes of congestive heart failure, 
or angina of effort. 

In this group of 35 patients with marked 
ballistocardiographic abnormalities, only eight 
have been able to return to their work or 
household duties. Eleven deaths occurred 
(two in patients with grade III ballistocardio- 
grams; and nine in patients with grade IV 
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ballistocardiograms). Nineteen are cardiac 
invalids. 
DiscuSSION 

In observing these patients recovering from 
myocardial infarction, we have come to rely 
upon progressive improvement toward normal 
in serial traces as an indication of functional 
recovery of the heart muscle. The ballisto- 
-ardiograph thus provides a guide as to when 
optional recovery from the acute myocardial 
infarction has been obtained. The dezree of 
ballistocardiographic recovery which each pa- 
tient attains has proved to be a reliable yard- 
stick upon which to venture a prognosis. 

When satisfactory ballistocardiographic re- 
covery following myocardial infarction has fi- 
nally been reached, the physician may feel 
secure in encouraging the patient to return to 
full activity. Ballistocardiographic recovery is 
especially important in the presence of 
stabilized marked abnormalities in the electro- 
cardiogram. Starr and Hildreth," who have 
followed patients for periods as long as 10 
years, have arrived at a similar conclusion. 

Where the ballistocardiogram showed per- 
sistent marked abnormalities, the outlook for 
functional recovery was not good. A minority 
of these patients have returned to work. The 
greater number of deaths and cardiac in- 
validism occurred in this group. 


SUMMARY 


One hundred patients who survived their 
first attack of myocardial infarction were 
studied during the period of recovery and 
subsequently with serial ballistocardiograms 
and followed for periods of 18 to 24 months. 

In 65 patients, ballistocardiographic im- 
provement to grade II or better was recorded; 
55 of these patients have returned to their 
gainful or household duties. Of the remaining 
10, one died of a second myocardial infarct; 
one showed advance to a grade III ballisto- 
cardiographic abnormality after recovering 
from a second attack of myocardial infarction; 
and the others were disabled by recurrent at- 
tacks of congestive heart failure or severe 
angina. 
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In 35 patients, the ballistocardiograms 
following myocardial infarction, and subse- 
quently, showed advanced abnormalities of 
pattern. Only five of this group have been able 
to return to their former duties. Eleven have 
died and 19 are cardiac invalids. 


Case REporTS 


Case 1. A. M., a 57 year old traveling salesman, 
developed an acute myocardial infarct on Jan. 18, 
1950. His sedimentation rate was normal on the 
twenty-first day; his electrocardiogram became 
stabilized with minimal changes after the fifth week. 
The initial ballistocardiogram was grade III, taken 
in the fourth week of his convalescence. Improve- 
ment in pattern was progressive and in the tenth 
week following the acute infarction, the ballisto- 
cardiograms, figure 1, A and B, showed a grade II 
pattern. He was permitted progressive increase in 
his activity. , 

At the fourteenth week, the ballistocardiograph 
recorded full recovery to normal (fig. 1, C and D), 
and he was permitted to return to work. He has 
had no complaints since. 


Case 2. W. K., a 44 year old man employed as a 
shipping clerk, suffered a posterior wall myocardial 
infarct March 3, 1950. His sedimentation rate was 
normal after the sixth week. His electrocardiogram 
was stabilized after the eleventh week with a pattern 
characteristic of healed posterior wall myocardial 
infarction. The initial ballistocardiogram was grade 
III. Successive ballistocardiograms showed no 
change in pattern during the first year of his con- 
valescence. He suffered angina on slight effort and 
did not feel strong enough to return to his work. 

Twelve months after the infarction, the clinical 
examination showed no enlargement of the heart; 
the blood pressure was 140/80. The trace recorded 
at this time, figure 2, A and B, was grade III at rest 
and after exercise. 

He made several efforts to return to work after 
this examination but could not continue because of 
angina. However, since December, 1951, 21 months 
after the infarction, he has engaged in full activity 
and is asymptomatic. The ballistocardiogram, 25 
months after infarction, shows some improvement 
(C and D). This is an exceptional instance where 
functional recovery was not reflected by major 
improvement in the ballistocardiogram. 

On Oct. 3, 1952, he reported that he has never 
felt better in his life. The blood pressure was 150/85. 
The electrocardiogram showed no change. The rest- 
ing ballistocardiogram (fig. 2H) was grade II. How- 
ever, the exercise trace was now normal (fig. 27). 


Case 3. J. L., a 47 year old man, suffered an acute 
myocardial infarct. in December, 1949. His con- 


Fic. 1. Ballistocardiograms of case 1. 


Ten weeks following myocardial infarction: (A) 
Basal. Grade II pattern. The third and sixth com- 
plexes are normal; the others have low amplitude 
IJK complexes with prominent H waves. (B) After 
exercise. Grade II pattern. Slurring and diminution 
of the IJ stroke is noted in the first, fifth and sixth 
complexes; the second and third complexes are 
normal; H is prominent in the fourth and fifth com- 
plexes. 

Fourteen weeks after myocardial infarction: (C) 
Basal. Normal. (D) After exercise. Normal. 

The upper channel in each figure represents the 
ballistocardiogram; the lower channel, the con- 
comitant tracing taken from the left radial artery 
(a pulse tracing). The headward J wave occurs 
synchronously with the apex of the radial pulse 
trace; the K wave is the first footward stroke follow- 
ing the apex of the pulse trace. 

Grades I, II, III and IV follow Brown’s class- 
ification.” 


dition was critical, with initial shock and subsequent 
congestive heart failure. Sedimentation rate was 
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Fig. 2. Ballistocardiograms of case 2. 


Twelve months after myocardial infarction: (A) 
Basal. Grade III pattern. Poor amplitude; short IJ 
waves in inspiration (first, second and third com- 
plexes); plateau HJ in expiration, with absent I 
waves in the fourth and fifth complexes. (B) After 
exercise. Grade III ballistocardiogram. Bizarre, low 
amplitude pattern. The occasional tall complexes are 
due to dyspnea. 

Twenty-five months after myocardial infarction: 
(C) Basal. Grade II pattern. The second and third 
complexes are definitive but of low amplitude. The 
first, fourth and fifth complexes are abnormal in 
configuration; (D) After exercise. Grade II pattern. 
The complexes are taller but are abnormal; shortening 
of the IJ stroke is seen in the first, second, fourth and 
fifth complexes. A low H wave is noted in the third 
complex. 

Thirty-one months after myocardial infarction: 


normal after the eighth week. Convalescence was 
slow; digitalis, sodium restriction and mercurial 
diuretics were needed to maintain cardiac compen- 
sation. Serial ballistocardiograms were never better 
than grade III. A tracing taken under basal con- 
ditions three months after his initial infarct is 
shown in figure 3A. The electrocardiogram showed 
evidence of a healed anterior lateral wall myocardial 
infarction. 

He was incapacitated by repeated episodes of 
congestive heart failure despite adherence to digi- 
talis, sodium restriction and repeated mercurial 
injections. The ballistocardiogram (fig. 3B), taken 


' 
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Fic. 3. Ballistocardiograms of case 3. 


Three months after myocardial infarction: (A) 
Basal. Grade III pattern. Abnormally low amplitude; 
the first, second and fifth complexes lack definitive- 
ness. The patient could not exercise because of 
angina. 

Nine months after myocardial infarction: (B) 
Basal. Grade III pattern. The J waves are of low 
amplitude and could be identified only because of 
the accompanying pulse trace. The patient could not 
exercise because of angina. 


a a ee 


Fia. 4. Ballistocardiogram of case 4. 


Grade IV pattern of low amplitude, with no recog- 
nizable complexes. This was obtained at each ex- 
amination, done every four weeks, until the patient 
died of a second myocardial infarct 16 months after 
the onset of the initial coronary occlusion. 





(E) Basal. Grade II pattern. The complexes in 
inspiration are normal; those in expiration, the 
second and third complexes, are of low amplitude. 
(F) After exercise. The ballistocardiogram is normal. 
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nine months after the myocardial infarction, shows 
persistence of the markedly abnormal pattern. 

This patient suffered a fatal myocardial infarct 
one month later. 


Case 4. P. B., a 57 year old man, developed a 
posterior myocardial infarct in April, 1950. The 
sedimentation rate was normal after the eighth 
week. The electrocardiogram was stabilized after 
the third month and showed minimal changes. 

Disabling angina prevented him from returning 
to work. The ballistocardiogram showing a grade 
IV abnormality was recorded two months after his 
coronary occlusion (fig. 4). Serial studies, done once 
a month, showed no change in pattern. He died 16 
months after his initial illness of a second occurrence 
of myocardial infarction. 
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SuMARIO EspaNou 


Cien pacientes que han sobrevivido el primer 
episodio de infarto del miocardio fueron estudia- 
dos con series de balistocardiogramas que pro- 


porcionaron un indice confiable del recobra- 
miento de funcionamiento del miocardio. El 
grado de reversion balistocardiografica hacia lo 
normal ha probado ser signo de valor en el 
prognoéstico, a Jjuzgar por periodos de observa- 
cién de 18 meses 0 mas. 
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The Right Auricular Electrokymogram of 
Normal Subjects 


By Earnest Boortn, M.D., Katuryn Wituts, M.D., T. J. Reeves, M.D., anp T. R. Harrison, M.D. 


The numerous waves of the right auricular electrokymograms of normal subjects are interpreted 
on the basis of simultaneously recorded electrocardiograms, and jugular and carotid pulse trac- 
ings. The factors responsible for shape as well as volume changes of the auricles are discussed. 
Auricular contractions in patients with heart block are included to illustrate the isolated dy- 


namic auricular movements. 


NUMBER of studies'~* have been 

published concerning the movements 

of the auricles as recorded by the 
electrokymograph in normal and abnormal 
conditions. These reports have dealt with the 
major waves, and thus far no study appears 
to have been made of the more detailed and 
finer movements. The interpretation of these 
is made difficult |} y the marked variability. 
Thus, records made trom different points of the 
same auricle of the same subject, or from cor- 
responding points in different subjects, may 
appear to be very dissimilar. However, there 
seem to be certain main movements which 
have been found to be present in all of the 
subjects thus far studied. The purpose of the 
present communication is to describe these 
movements. 


METHOD oF Stupy 


Observations have been made on 10 normal 
subjects, and on two patients with second 
and third degree heart block. A four-channel 
direct-writing apparatus has been used to 
obtain simultaneous records of the electro- 
cardiogram, the carotid pulse, the ballisto- 
cardiogram, and the movements of the right 
auricle. In a number of instances, tracings 
of the pulsations of the jugular vein have also 
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been made. The subjects were recumbent. The 
right auricular electrokymographic tracings 
were taken from a point near the middle of the 
right cardiac border in the postero-anterior 
view, and somewhat posterior to this border 
in a slight right anteroposterior view. This was 
achieved by rotating the subjects slightly by 
means of a pillow under the right side of the 
chest. 

The present report is concerned only with 
correlation between the auricular electrokymo- 
gram, the electrocardiogram, the jugular 
records, and, more particularly, the carotid 
pulse. Observations concerning the correlation 
of these various records with ballistocardio- 
graphic tracings will be reported in a separate 
communication. 

RESULTS 

The auricular waves may be divided into 
three groups, namely, those which are pre- 
systolic and which correspond to the contrac- 
tion and relaxation of the auricle, those which 
occur during ventricular systole, and those 
which occur in early ventricular diastole. In 
order to avoid confusion the various points 
occurring during these times will be designated 
by the symbols A (auricular), S (systolic), 
and D (diastolic). Capital letters (A, S, D) 
will be used to designate those points which 
are seen in most records, and small letters 
(a, s, d) to indicate points which are less con- 
stantly present. 

The auricular waves can best be studied in 
persons with heart block because here move- 
ments dependent on auricular contraction are 
widely separated from those due to ventricular 
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activity. As is illustrated in figure 1, right 
auricular contraction, when not immediately 
followed by ventricular contraction, causes 
two movements: a sharp leftward movement, 
A; to Ay, and a rapid rightward movement 
beginning at the point A». These movements 
correspond respectively to the ascending and 
descending limbs of the jugular a wave. The 
A; and A, downstroke usually begins about 


‘x 
‘JUGULAR 

Fic. 1. Electrocardiogram, carotid and right au- 
ricular electrokymogram of J. B., a patient with heart 
block, are shown in the upper group of these simul- 
taneous tracings. The two lower tracings represent 
simultaneous jugular pulse tracing and electrocardio- 
gram of this patient. The inward (downward) motion 
of the auricle (A; to As) starting about 0.10 second 
after the beginning of the P wave is well seen. Note 
the relationship of the electrokymographic Ai to Ay 
to the jugular a wave. Also note the d; to dz upstroke 
in relationship to the v wave of the jugular pulse. 


0.06 to 0.12 second after the onset of the 
P wave. 

Auricular Movements Associated with Ven- 
tricular Contraction. These can be studied con- 
veniently by reference to the simultaneously 
recorded carotid tracing. Three constant points 
(S, S; and S¢), and three inconstant points 
(si, sy and s;), have been observed (figs. 2, 3, 
4, 5). The first point, s:, occurs about .04 to 
.06 second before the onset of carotid ejection, 
and the second point, Se, is synchronous with 
the beginning of the carotid upstroke. During 


the brief period between s; and Se, the tracing 
may display more than a single directional 
change. Thus there may be an initial down- 
stroke followed by an upstroke, or the reverse 
sequence. In many tracings the point s; is not 
seen and there is an Ae to 8, upstroke followed 
by an S2 to 8; downstroke. It would appear 





Fia. 2. Electrocardiogram, right auricular electro- 
kymogram, and jugulocarotid tracing of E. C., a 
healthy young male, are shown. It should be noted 
that the A; to As downstroke of the electrokymogram 
corresponds to the onset of the ascent of the jugular 
a wave. The 8; to 8; downstroke corresponds to rapid 
ejection in the carotid tracing; the long 8; to Se. 
upstroke terminates shortly after ventricular ejec- 
tion ceases; the d; to de upstroke starts as the valves 
open, that is, at the v peak of the jugular tracing. 


that multiple forces, having opposite effects 
on the right auricular wall, are acting at this 
time. This point will be discussed later. 

As the carotid upstroke starts, the auricular 
electrokymogram displays a downward wave 
(S2 to 82). This is of variable magnitude but 
has been observed in all normal subjects thus 
far studied. The 8: to S; downstroke usually 
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begins about .10 to .12 second after the be- 
ginning of the QRS complex 
cardiogram. 

Point S; on the auricular electrokymogram 
corresponds well to the end of rapid ejection 
in the carotid tracing. As a rule the auricular 
downstroke terminates at this point and 


of the electro- 


EM 
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Fia. 3. Electrocardiogram, right auricular electro- 
kymogram, and carotid tracings of C. P., a healthy 
young male. The Aj, As, S2, Ss, ss, and ss points are 
well seen. The A; to As downstroke (auricular contrac- 
tion) begins about 0.08 second after the onset of the P 
wave. The S2 to 8; downstroke begins with carotid 
ejection. The S,; point is shortly after the end of 
carotid ejection. The point d; corresponds to what 
appears to be the beginning of the descent of the 
jugular v wave. This record of the right auricular 
electrokymogram should be compared with figure 
5, which shows the left auricular electrokymogram 
of the same subject. 


usually succeeded by an upward wave, indi- 
cating that the right auricle is moving to the 
right. In some instances this 8; to s, wave is 
horizontal or slightly downward; in others 
there is a large upward 8; to Ss movement 
without discernible s, or s;, points. 

During the latter phase of reduced ejection, 
the carotid tracing descends gradually and at 
this time the auricular wave s to s, may 


occur. This wave varies in direction. In some 
subjects it has been downward, in others it 
has been a slowly ascending plateau. Simul- 
taneously with the descent of the carotid 
incisura there is usually a sharp upstroke 
(s; to Ss) in the auricular tracing. The termi- 
nation of this upward wave at point S¢. usually 
occurs .02 to .06 second after the lowest point 
of the carotid incisural notch. 


a 


Fic. 4. Electrocardiogram, right auricular electro- 
kymogram, and carotid tracing of J. W., a healthy 
young male. All of the points described in the text 
except s; are seen. The point se occurs slightly after 
the incisural notch of the carotid tracing. 


In some records the points sy and s; have not 
been clearly defined and the period between 
the end of rapid ejection (S;) and the incisural 
notch (Ss) has been occupied by a single 
prominent upstroke, indicating that the right 
auricular border is moving to the right. 

Early Diastolic Waves. These are variable 
in different subjects (figs. 1 to 5), and also in 
the same subject. Different points on the right 
auricle of the same individual may display 
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well marked differences, and there may even 
be considerable variation in successive cycles 
recorded from the same point. 

In all subjects thus far studied the point 
Ss has been followed by a downstroke. In 
some instances this has been of short duration 
and soon interrupted by an upward (rightward) 
movement (d; to ds) followed by a second down- 
ward (leftward) movement (d. to Ds). Just 
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Fig. 5. Electrocardiogram and left auricular (su- 
pine, P-A) tracing of C. P., whose right auricular 
tracing is illustrated in figure 3. The bottom tracing 
is a carotid tracing. Note that the A; to As downstroke 
tends to occur somewhat later in relation to the P 
wave in this tracing than in the right auricular 
tracing. 


prior to auricular contraction the right auricu- 
lar border has usually moved to the right, 
causing a D; to A; upstroke. These various 
movements are illustrated in figure 4. 

In other tracings (fig. 2) the di: and d. points 
cannot be identified and the period from S¢ to 
the onset of auricular contraction is occupied 
by a long downstroke (S¢ to D;) followed by a 
shorter upstroke (D3; to Ai). When the di to de 
sequence is identifiable it has usually cor- 
responded well with the onset of the down- 


stroke of the V wave in the jugular tracing 
(figs. 2 and 4). 

Left Auricular Tracings. In the _ postero- 
anterior projection the left auricle lies close 
to the pulmonary artery and to the hilus of the 
left lung and base of the left ventricle. Hence, 
it is difficult to be certain that one is obtaining 
a “pure” left auricular tracing. In lateral and 
oblique views there is frequently poor contrast 
between the left auricular border and _ sur- 
rounding structures. Figure 5 illustrates a 
satisfactory tracing. The chief difference from 
the right auricular tracings is the tendency 
for the downstroke produced by auricular 
contraction to occur slightly later in the case 
of the left auricle. The remainder of the trac- 
ing is not unlike those obtained from the right 
auricle. 


DISCUSSION 


The genesis cf these various waves of the 
auricular tracing is believed to be as follows: 

The auricular waves A; to Ay, and A, to y 
possibly correspond to auricular contraction 
and passive filling during the succeeding auricu- 
lar relaxation. It is also possible that the out- 
ward A, to s: movement of the right auricle 
may be related to contraction of the left au- 
ricle, with rightward movement of the inter- 
auricular septum. 

The change in direction of the outward 
movement (A, to se) occurring at s, probably 
denotes the onset of isometric ventricular 
systole. Here a number of forces are acting on 
the auricle. The contraction of the inter- 
ventricular septum produces descent of the 
base of the ventricle, which would be expected 
to cause an inward movement of the lateral 
walls, and a downstroke in the auricular trac- 
ing. On the other hand, the upward movement 
of the valves will tend to displace some blood 
from the ventricle into the auricle. This would 
cause an outward movement of the lateral wall, 
and hence an upstroke in the tracing. Thus one 
might expect the variability of s; to se in differ- 
ent subjects, and the rapid changes in direction 
in the same subject which have been observed. 

The sharp downstroke, beginning at S. and 
extending to 8; is closely correlated with the 
period of rapid ejection in the carotid curve. 
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It is, therefore, probably due to a tug on the 
auricle, pulling the walls inward as the auricu- 
loventricular septum is pulled sharply down- 
ward during the rapid ejection. 

As the rapid carotid upstroke terminates, 
the phase of rapid ejection is succeeded by 
that of reduced ejection. At the same time, the 
downward (leftward) movement of the right 
auricle is reversed at point 83, which corre- 
sponds closely to the end of rapid ejection in 
the carotid curve. The 8; to Ss upstroke usually 
begins at the end of rapid ejection, and con- 
tinues until shortly after the end of systole. 
Although there is often a small inward move- 
ment (sq to s;), the predominant movement of 
the right auricular wall is outward, that is, 
to the right during the latter portion of systole 
and the earliest part of diastole. It would 
appear that at least three different factors 
may be responsible. These are: (1) auricular 
filling, (2) movements transmitted from the 
great vessels, and (3) relaxation of the inter- 
ventricular septum, with consequent movement 
of the auriculoventricular septum. The relative 
significance of these and of unknown factors 
‘annot be evaluated at the present time. 

The cause of the sharp leftward movement 
(Ss to di downstroke) occurring in early 
diastole is not apparent. Since it precedes the 
descending limb of the jugular V wave by .06 
second or longer, this movement is not caused 
by emptying of the auricle into the ventricle. 
Possibly, it represents a movement associated 
with rebound of the ascending aorta to the 
left as systole ceases. A more probable explana- 
tion is passive descent of the auriculoventricu- 
lar septum as the outer walls of the ventricle 
relax. 

The d; to de upstroke is inconstant, but 
when present tends to correspond to the onset 
of the descending limb of the jugular v wave 
(figs. 2 and 4). We thus encounter a paradox. 
During isometric diastole when the auricle is 
presumably filling, the lateral border moves 
inward, but as the auricle empties into the 
ventricle the border moves outward. Possibly 
the filling of the right lateral portion of the 
right ventricle exerts an outward tug on the 
adjacent auricular wall, but this is uncertain. 
In any case, these diastolic movements indi- 


‘ate that alterations in shape are of more 
importance than alterations in volume in 
producing the observed changes in right 
auricular contour. 

It would appear that the d; to d. upstroke 
may, when present, serve to mark the period 
of rapid ventricular filling. However, the 
jugular tracing is a more reliable guide. 

It will be apparent, from the foregoing dis- 
cussion, that the movements of the right auricu- 
lar border as studied in this communication 
are mainly due to changes in the shape rather 
than in the volume of the auricle. This is not 
surprising when it is remembered that the 
auricle is a thin-walled, low-pressure chamber 
adjacent to the thicker-walled, high-pressure 
ventricle and the less distensible high-pressure 
aorta. The only constant waves dependent on 
volume change appear to be the downstroke 
and the upstroke during and after auricular 
contraction. 

The movements and waves mentioned are 
not the only ones which may be seen, but the 
others are more variable from subject to sub- 
ject, and from cycle to cycle than the ones 
which have been described. 

It would seem that the analysis of auricular 
tracings might be of aid in an attempt to 
interpret the genesis of the diastolic waves of 
the ballistocardiogram. These will be discussed 
in a subsequent communication. 


SUMMARY 

The right auricular electrokymograms of 
healthy young adult males displayed great 
variability but also exhibited certain constant 
features. These were: 

1. A presystolic leftward movement cor- 
responding to the ascent of the a wave of the 
jugular pulse. This is followed by a rightward 
movement. The prominent downstroke be- 
ginning about .10 second after onset of the 
P wave, or about 0.18 second before carotid 
ejection, is the characteristic feature of auricu- 
lar tracings. 

2. A short downward (leftward) movement 
during rapid ejection. This is believed to be 
due to pull on the auricle by the contracting 
ventricle. 

3. A large long upward movement lasting 
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hroughout reduced ejection and ceasing 
tbout .04 second after the carotid incisura. 
This is thought to be due to a combination of 
wricular filling and of relaxation of the inter- 
ventricular septum, with consequent ascent of 
he auriculoventricular septum. 

4. A downward movement during late iso- 
netric diastole, often interrupted by a notch 
vv a short upstroke at the onset of rapid ven- 
iricular filling. These movements evidently 
‘epresent changes in shape, because they are 
he opposite of those which would be produced 
oy the changes in volume occurring in this 
portion of the auricular cycle. 

5. Various other less constant movements 
have been mentioned. 

6. It is suggested that the capital letters A, 
5, and D be used to designate the several 
constant points during presystole, systole, 
and diastole, respectively, the inconstant 
points being designated by the small letters 
a, s, and d. Using this terminology, two pre- 
systolic points (A;, Ae), six systolic points 
(S1, Se, Ss, Sa, Ss, Se), and three diastolic points 
(d;, des, D3) have been described. 

In view of the predominant importance of 
alterations in shape in the genesis of the auricu- 
lar contours, one should be hesitant to ascribe 
a given movement to change in volume. 


SuMARIO EspaNou 


Las numerosas ondas del electroquimograma 
auricular derecho de sujetos normales son in- 
terpretadas tomando como base electrocardio- 
gramas y pulsaciones yugulares y caroétidas 
registradas simultaneamente. Los factores re- 
sponsables por la forma y cambios en volumen 
de las auriculas se discuten. Contracciones auri- 
cularesen pacientes con bloqueo cardiaco se in- 
cluyen para ilustrar los movimientos dinamicos 
auriculares aislados. 
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An Analysis of Oscillometric Pulsations 


By Simon Ropsarp, M.D., Px.D., anp Frank JANNortra, BS. 


The absolute lack of correlation of oscillometrice pulsations with blood flow through vessels is dem- 
onstrated. The pulsations obtained are shown to depend primarily on the operation of simple hy- 
drodynamic laws. A modified technic for oscillometric examination which gives a qualitative 
measure of normal blood flow through vessels is suggested. 


HE OSCILLOMETER has been utilized 

for several decades for the determina- 

tion of the arterial blood pressure’ and 
for the assay of the vascular efficiency of the 
extremities.” Its use in the measurement of the 
blood pressure has declined because of the 
greater simplicity and accuracy of the ausculta- 
tory method of Korotkoff.’ 

The oscillometer has been reported to be 
helpful in ascertaining the level of arterial 
occlusion and in determining the site of arterio- 
venous fistulas.*:4:5»® A diminished oscillo- 
metric reading is said to indicate a disturbance 
of arterial inflow.‘ In some instances, however, 
an increase in oscillometric readings may occur 
in the presence of a decrease in arterial 
flow.?: *: * Moreover, strikingly diminished os- 
cillometric readings do not necessarily imply 
that the local blood flow is markedly impaired. 
In fact the reverse may be true. Thus the 
oscillations sometimes are negligible in cases 
in which the circulation of the extremities has 
been found to be good.!° 

Because of these contradictory findings the 
practical application of the oscillometer for 
the purpose of estimating the “vascular ef- 
ficiency” in peripheral arteriosclerotic disease 
has often proved disappointing." Simple 
palpation and inspection of the extremities 
often give more adequate and reliable informa- 
tion than can be obtained from the instru- 
ment.!*; 4 

Data obtained in the course of our recent 
hydrodynamic studies'® suggested an explana- 
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tion for these parodoxic relationships between 
blood flow into an extremity and the amplitude 
of pulsation. Studies on man were undertaken 
to establish whether these hydrodynamic prin- 
ciples could be applied to the analysis of os- 
cillometric pulsations. 


METHODS 


Studies were made on 25 unselected patients in 
the wards of the Michael Reese Hospital. The oscil- 
lometer cuff was placed over the proximal portion 
of the upper arm. The cuff pressure was raised to a 
level above the systolic pressure and then lowered 
by increments of 10 mm. Hg. Oscillations of the in- 
dicator needle were noted and recorded at each step. 
Then reactive hyperemia was induced and the ob- 
servations repeated. Finally the flow of blood distal 
to the cuff was obstructed by a tourniquet cuff and 
the observations again repeated. 


RESULTS 
1. Control Study 


Oscillations were minimal when the oscillo- 
metric cuff pressure was above systolic pres- 
sure. They increased progressively as the cuff 
pressure fell, becoming maximal at about 20 
mm. Hg above the diastolic pressure as de- 
termined by the auscultatory technic (fig. 
1); the pulsations then diminished and, at a 
level below diastolic pressure, they became in- 
discernible. These findings are in accord with 
previous reports by others.*: '* 


2. Reactive Hyperemia 


In this series, the pressure in the oscillometric 
cuff was raised initially to 250 mm. Hg. The 
patient was then instructed to open and close 
the fist of this arm 50 times in 35 seconds. At 
the conclusion of this exercise the pressure in 
the cuff was dropped progressively as in the 
control readings. Under these circumstances 
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the oscillations were essentially of the same 
order as those observed during the control 
period (fig. 2). 

It is generally accepted that immediately 
after a period of occlusion of the blood supply 
to an extremity, associated with exercise, a 
marked increase in blood flow through the 
part is seen. Despite this, the oscillations were 
affected little if at all. These results demon- 
strate clearly that there is no simple relation- 
ship between oscillometric pulsations and blood 
flow through the arterial segment under the 


cuff. 


> 


3. Tourniquet 


In this series the oscillometric cuff was in 
place as in the experiments reported above. 
A second tourniquet cuff was placed on the 
arm immediately distal to the oscillometric 
cuff. This tourniquet cuff was inflated to 250 
mm. Hg and maintained at this level during 
the entire oscillometric recording. Under these 
circumstances of limited peripheral flow, the 
pulsations were found to be on the average 
somewhat greater than when the onward flow 
of blood could occur (figs. 1 and 2). 

These experiments support the concept that 
the amplitude of the oscillometric pulsations 
may be entirely unrelated to the amount of 
blood flowing through the vessels under the 
cuff. In fact it would appear that under certain 
conditions of occlusion of the distal vessels 
there is actually an inverse relationship. This 
paradoxic effect appears to be due to the opera- 
tion of physical laws governing flow through 
elastic tubes, as will be discussed below. 


4. Model Experiments 


In an effort to determine the effects of flow 
of fluid through elastic vessels a hydraulic 
analog was used. This consisted of a segment 
of soft rubber (Penrose) tubing attached at one 
end to a column of water (fig. 3). The soft 
tubing was enclosed in a glass-cylinder plethys- 
mograph so that its volume might be measured. 
Measurements were made of the volume of the 
segment under several conditions of pressure 
and flow. 

(a) Static Experiments. Volume measure- 
ments were made when the outflow from the 
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PULSATIONS 


Fig. 1. Oscillometric pulsations obtained in a sub- 
ject without apparent cardiovascular disease. The 
continuous line C gives control pulsations in arbi- 
trary units for various levels of cuff pressure. The 
broken line O gives pulsations obtained when a tour- 
niquet obstructing the flow of blood was placed im- 
mediately distal to the oscillometer cuff. Discussed 
In text. 
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Fic. 2. Average deviations from control oscillo- 
metric readings obtained after exercise or sustained 
occlusion in 25 unselected subjects. Solid line gives 
deviations from control after exercise. Broken line 
gives deviations from control during occlusion by 
tourniquet. Dots represent actual average values; 
lines are approximated to the dots. 
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Fig. 3. Schema of model experiment. In the design 
on the left a constant pressure head maintained in 
the reservoir causes distention of an elastic tube il- 
lustrated as the rounded segment. On the right, the 
same pressure head is maintained but flow is permit- 
ted to take place; the elastic segment is now shown 
to be less distended or even narrowed by the high 
velocity of the stream. Discussed in text. 
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Fig. 4. Volume changes in a segment of Penrose 
tubing produced by flow at various pressure heads. 
As in figure 2, the values represent the difference be- 
tween those with flow (control) and those without 
flow (tourniquet). The abscissa represents multiples 
of 0.01 ce. Discussed in text. 


segment was obstructed by a stopper. Unde: 
these static conditions the effect of a rising 
head of (arterial) pressure, as expected, cause: 
progressive dilation of the segment. 

(b) Flow Experiments. Data on the volum« 
of the Penrose tubing were also obtained during 
conditions of unobstructed flow through th« 
tube. The volume of the segment was founc 
to be less for each level of head of (arterial 
pressure than that obtaining when the outfloy 
was obstructed (fig. 4). These experiment: 
illustrate the fact that for a given head oi 
pressure the volume of an elastic vessel is 
greater when there is no flow through it than 
when flow is taking place. 

DIscussION 

In our approach to the problem of oscillo- 
metric pulsations, we have considered the 
physical laws involved in flow through elastic 
vessels. In accordance with the principle of 
conservation of energy (Bernoulli), the force 
provided by a given head of pressure may be 
considered to be the sum of two related mani- 
festations of energy (fig. 5). One of these is the 
lateral pressure energy expanding the walls of 
the vessels. The second form of energy is that 
manifested in the movement of fluid through 
the tube, kinetic energy. When one of these in- 
creases for a given head of pressure, the other 
must decline. 

Occlusion of the vessels below the point of 
measurement reduces the flow through the 
vessels under the cuff to a minimum. The re- 
duction in the kinetic energy of flow, therefore, 
results in an increased lateral pressure. This 
actually occurred during the tourniquet ex- 
periments as shown in figures 1 and 2. In figure 
1 the increased pulsation is especially notable 
in the same range in which it is greatest under 
ordinary control conditions. 

In figure 2, the average control values in all 
25 subjects are subtracted from those obtained 
after exercise or during occlusion. As the pres- 
sure in the oscillometric cuff is lowered the 
pulsations in the occlusion experiment become 
progressively greater than the control values. 
This finding is in accord with the interpretation 
that the presence of flow through the part 
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diminishes the degree of pulsation for a given 
head of pressure and resistance. At any given 
pressure head, the arithmetic difference in the 
degree of pulsations between control and oc- 
cluded conditions may thus be qualitatively 
related to the rate of volume flow through the 
part. 
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Fig. 5. Schema to illustrate principles involved in 
changes in volume. With normal flow (upper figure) 
kinetic energy is represented by the long horizontal 
arrow, while lateral pressure energy is represented 
by the vertical arrows operating against the wall. 
Obstruction of flow (middle figure) causes a redis- 
tribution of energy so that none is expended in ve- 
locity; more energy therefore becomes available as 
lateral pressure (vertical arrows). The horizontal 
arrow simply expresses a static pressure exerted 
against the stopper. Increased flow through the ves- 
sel (lower figure) provides a greater total energy. 
Most of this is utilized in the kinetic energy of flow, 
illustrated by the two horizontal arrows. The lateral 
pressure energy component may vary somewhat or 
even be unchanged (vertical arrows). Discussed in 
text. 


At the upper end of the curve in figure 2, 
with oscillometric cuff pressure above systolic, 
the pulsations obtained under conditions of 
occlusion can be seen to be less than those 
obtained under control conditions. It is pos- 
sible that this effect is due to the following 
circumstances: We have shown that flow 
through the arteries under the cuff occurs even 
though the cuff pressure is at or even above 


SIMON RODBARD AND FRANK JANNOTTA 





925 





systolic pressure.!® Under control conditions, 
without the presence of the tourniquet cuff, 
the blood passing into the vessels under the 
oscillometric cuff during systole can move on 
during diastole and leave the vessels relatively 
empty. With each systolic pulse a small amount 
of blood enters the vessels and provides a slight 
pulsation. When a distal tourniquet cuff is in 
place, it may be assumed that the arteries be- 
tween the oscillometric cuff and the tourniquet 
cuff become progressively filled with blood and 
become turgid due to a “valve action” of the 
oscillometric cuff. As a result the pulsations 
become reduced in the arteries under the distal 
portions of the oscillometric cuff. 

Conditions are different when the oscillo- 
metric cuff pressure falls below systolic pres- 
sure in that the blood passing through to the 
arteries between it and the tourniquet cuff 
can spill back during part of the cycle into the 
arteries under the oscillometric cuff and those 
central to it. Hence, the turgidity of the 
vessels, present when the pressure of the 
oscillometric cuff is higher, is lessened or 
avoided. 

It is of some interest that previous reports 
have called attention to the parodoxic findings 
sometimes seen in obliterating arteritis! '* or 
in arterial embolism.!* In these, the pulsations 
of the oscillometer may be greater than the 
pulsations normally obtained at the same site, 
or in the normal contralateral limb. These 
clinical findings bear a striking resemblance to 
our present studies. They demonstrate that the 
degree of pulsation is certainly unrelated to 
the delivery of blood to the more dilated part 
of the limb. 

The situation obtaining in reactive hy- 
peremia is more complex but nevertheless 
bears on the present argument. Exercise of an 
occluded extremity causes the local release of 
vasodilator substances, producing a vasodilata- 
tion in the part. An augmented flow into the 
arm may therefore take place even though the 
arterial pressure remains unchanged. Despite 
the increased total energy available because of 
the increased volume of blood passing through 
the segment of artery, most of this energy is 
utilized in the increased velocity; the lateral 
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pressure component may change little if at all 
(fig. 5). The increased inflow into the arteries 
under the cuff runs off easily against the re- 
duced resistance in the more distal vessels. 

Our results indicate that consideration of 
hydrodynamic laws may be of value in the 
analysis and interpretation of oscillometric 
data. The pulsations of the artery provide an 
index of the fluctuations of energy available 
for stretching the walls of the vessel at any 
given instant. A reduction in velocity, as pro- 
duced in our tourniquet experiments, permits 
more energy to become available as lateral 
pressure and this is expressed as an increase in 
the degree of the pulsations. The increase in 
the degree of pulsations is qualitatively related 
to the normal blood flow through the part. 
Extension of these findings may make it pos- 
sible to interpret oscillometric pulsations more 
satisfactorily and assist in adapting the in- 
strument to the estimation of the volume flow 
of blood to the extremities. 


SUMMARY 


Oscillometric pulsations were measured over 
the upper arm of 25 unselected patients. A 
tourniquet was then placed immediately distal 
to the oscillometric cuff. Under these conditions 
of reduced flow into the arm, the oscillometric 
pulsations were increased. After the induction 
of reactive hyperemia with an increased flow 
of blood through the arm, the pulsations were 
little affected. 

These data are discussed in terms of hydro- 
dynamic laws affecting the partition of the 
available energy between that producing 
lateral pressure and that producing movement 
of the blood. The enhanced pulsations in the 
tourniquet experiments are seen as a conversion 
of kinetic energy to lateral pressure. 


SuMARIO EspaNou 


La absoluta falta de correlacién entre pulsa- 
ciones oscilométricas y la circulacién de sangre 
por los vasos se demuestra. La pulsaciones 
obtenidas se demuestra que dependen pri- 
mariamente en la operacién de sencillas leyes 
hidrodinamicas. Una técnica modificada para 
el examen oscilométrico que proporciona una 
determinaci6én cualitativa de la circulacién de 
la sangre por los vasos se sugiere. 


ANALYSIS OF OSCILLOMETRIC PULSATIONS 
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SPECIAL ARTICLES ON BALLISTOCARDICGRAPHIC 
TERMINOLOGY 











When this paper was submitted to the editors of CircuLaTion it called to their attention the de- 
sirability of enlarging the work that Dr. Braunstein has begun in the following paper. Accordingly, 
Dr. Howard Sprague, President of the American Heart Association appointed a committee to study 
the field and to make recommendations leading toward both a uniform terminology and uniform 
methods of presenting data secured by ballistocardiographs, and Dr. Braunstein kindly consented to 
withhold the publication of his paper until the committee was ready to report. This committee has 
now approved the terminology suggested by Dr. Braunstein and, in a first report, which immediately 
follows Dr. Braunstein’s paper, makes other recommendations pertaining to terminology and con- 
ventions for parts of the field not covered by Dr. Braunstein’s paper. 


A Proposed Nomenclature and Convention 
for Recording the Ballistocardiogram 





NTIL recent years only the head-to- 
foot component of the ballistocardio- 
gram was recorded. Whether the 

subject lay on his back or his belly, stood on his 

two feet, or was tilted, the description offered 
no problem even in less English words than 
these. Moreover, since Starr’s first paper, no 
one has had the temerity to record a headward 
movement of the body as other than an up- 
ward deflection on the paper. Yet this happy 
state will not long continue if ballistocardiog- 
raphers persist in investigating other com- 
ponents of the motion imparted by the heart 
beat. Records are now being taken at several 
laboratories with translation in two and three 
planes, and torques have been described about 
two axes. A third axis of considerable promise 
remains for some ambitious investigator and 
may even be under scrutiny now. Some con- 
fusion has already arisen; hence, it seems 
desirable before this proceeds too far to offer 

a nomenclature for describing the motion of the 
ballistic table (or body) in space, and to sug- 
gest a convention for recording it. 


From the Biophysical Laboratory, Graduate School 
of Arts and Sciences and Cardiac Laboratory, Depart- 
ment of Internal Medicine, College of Medicine, Uni- 
versity of Cincinnati, and the Cincinnati General 
Hospital. 

This project was supported in part by a grant 
from the National Heart Institute of the U. S. 
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By Joun R. Braunsretn, M.D., Pu.D. 


From a mechanical point of view a cube of 
iron in space is said to have six degrees of 
freedom which is another way of saying 
that six axes of reference are required to record 
its possible motion. The cube may be trans- 
lated in any of three planes or rotated about 
any of three axes. A similar cube made of 
gelatin, however, is not a rigid structure and 
has an infinite number of degrees of freedom. 
The animal body more nearly approximates 
the latter, but for all practical purposes, six 
degrees should suffice. For these components 
the following is offered for the human ballisto- 
cardiogram together with a convention for the 
deflections produced: 


Deflections 


| PAPER CONVENTION 
| 
| 


Upstroke | Downstroke 


| 

. head-to-foot /headward lfootward 

. side-to-side leftward rightward 

. back-to-front \backward /frontward 

. clockwise or counterclock-\clockwise |counter- 
wise rotation about the clock- 
head-to-foot axis as seen| wise 
from the foot 

5. clockwise or counterclock-|clockwise counter- 
wise rotation about the} | clock- 
side-to-side axis as seen| | wise 
from the right | 

6. clockwise or counterclock-|clockwise jcounter- 

wise rotation about the | clock- 

front-to-back axis as seen| | wise 

from the front | | 


mw de 
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Fic. 1. 


These are illustrated in figure 1 with the octants 
numbered in the usual fashion. 

In constructing the scheme outlined above, 
I have tried to do the least violence to work 
already in the literature. Terminology used in 
human anatomy seemed undesirable since the 
anatomic orientation is gravitational. The 
terminology of comparative anatomy is the- 
oretically more attractive since it lacks this 
drawback. However, some of the terms are 
clumsy and sound stilted. Hence they are 
usually avoided when possible by physicians. 
The nomenclature proposed here is for re- 
cording the human ballistocardiogram. Never- 


theless an investigator using animals’ ican 
sasily make the following substitutions: head- 


ward—rostrad; footward—caudad; _ back 
ward—dorsad; frontward—ventrad. 

The obvious advantage which would accrue 
if a common frame could be used in spatia 
electrocardiography and spatial vectorcardiog 
raphy has been pointed out.* Yet, Einthovei 
recorded a footward flow of current as positive 
and Starr, a footward movement of the body 
as negative. Neither could be changed today. 
Each is too firmly fixed. 


* Talbot, S.: Personal communication. 





First Report of the Committee on Ballisto- 
cardiographic Terminology 


ComMITreEE MempBers: Isaac Starr, M.D., CHarrMAN, JoHN R. Braunstein, M.D., Witt1am Dock, M.D., 
RicHarp Gupner, M.D., W. F. Hamitron, Pu.D., Joun L. Nickerson, Pu.D., Maurice B. Rappaport, 
E.E., Witu1am R. Scarsporouan, M.D., AND JoHN E. Smita, M.D. 


Part I. DEFINITIONS AND NOMENCLATURE 
APPLICABLE TO RECORDS FROM BALLISTO- 
CARDIOGRAPHS RECORDING DISPLACEMENT 


The Base Line. The base line is the neutral 
line of the record, the horizontal line the 
record takes late in diastole if the pulse rate is 
slow enough. In faster hearts, the base line can 
be approximated by placing a horizontal line 
such that the areas of the late diastolic de- 
flections above and below it are equal. In 
records secured by electrical amplification the 
base line can be obtained by rapidly turning 
down the sensitivity until the amplitudes be- 
come negligible, provided this has had no 
effect on centering. 

The ballistic waves diverge from the base 
line in opposite directions. 


Nomenclature for Waves 


(a) Systolic Waves 
1. The H wave is a headward deflection which 

begins its ascent at or near the peak of the 

electrocardiographic R wave. Its peak is at 
or near the beginning of ejection. 

. The I wave is the footward deflection 
following the H wave in normal records; it 
occurs early in systole. 

. The J wave is the largest headward wave 
on the normal record; it immediately follows 
the I wave, and occurs later in systole. 

. The K wave is the footward wave following 
J; it occurs at or near the end of systole, 
and may extend into early diastole. 

The systolic waves recorded by low frequency 
instruments occur somewhat later in time and 
have broader bases than those of high fre- 
quency instruments, but they are in the same 
direction and are to be designated by the same 
letters. 

(b) Diastolic Waves. The two smaller head- 
ward waves which usually follow the K wave 
in normal records are to be called L and N, 


the footward wave between them is to be 
called M. The small waves, occurring later in 
some normal records may be given the letters 
in sequence. 

However, the large diastolic waves occurring 
in certain abnormal records are not to be given 
these letters as they are believed to be due to 
forces quite different from those which produce 
the smaller normal waves. Those abnormal 
waves should not be given a letter, but should 
be described by their direction and position, 
for example, “A large headward wave occur- 
ring in late diastole.” 

(c) Presystolic Waves. The ‘‘G” wave is the 
small footward wave which at times precedes 
the H wave. 

A headward wave preceding G, not described 
by most authors, should be called F if it is en- 
countered, but any wave thus lettered should 
be clearly derived from presystolic forces such 
as auricular contraction and not be an after- 
vibration from forces liberated in the preceding 
systole. 


Nomenclature for Parts of Waves 


The point of a wave, directed upward or 
downward, may be called the tip, for example, 
“the K-wave tip.” 

The part of the record joining the tip of one 
wave with the tip of the next wave is to be 
called a segment, for example, ‘‘the I-J seg- 
ment.” 


Measurement of Waves 


The duration of waves should be measured 
along the base line in units of time. 

The amplitude of waves should be measured 
from the base line vertically to the tip. This 
measurement may be recorded in terms of force 
such as grams or dynes, but for the sake of 
simplicity may also be given in millimeters 
provided the calibration of the instrument in 
terms of force is also stated. If the instrument 
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has not been or cannot be calibrated for sen- 
sitivity, absolute figures for wave amplitudes 
are meaningless and should not be given, but 
data indicating the relation of the amplitude of 
one wave to other waves in the same record is 
permissible. 


Descriptions of Instruments 


The committee believes that no attempt 
should be made at this time to define exact 
specifications for the manufacture of ballisto- 
cardiographs and standards for their per- 
formance. But they advocate that no paper be 
accepted for publication in CrrcuLATION or 
CrrcULATION RESEARCH which reports results 
secured by an instrument whose physical 
properties have not been described in detail. 
When by the nature of the instrument, data on 
frequency and sensitivity and damping cannot 
be given, this should be stated. 

The weight of the table or platform should 
always be given for instruments of these types. 

The results secured by static methods of 
calibration must be given whenever the design 
of the instrument permits a calibration of this 
type. Results secured by dynamic methods of 
calibration are not required, because these 
methods are still too complex to be generally 
useful in the clinic. 


Part IL. CONVENTION FOR THE PUBLICATION OF 
Data IN A UNIFORM MANNER 


1. In all records reproduced time should move 
from left to right. 

2. For -ballistocardiographs recording move- 
ment or forces in the longitudinal direction 
of the body, the: reproductions should be 
oriented as follows: 

A. Headward movements or forces should 
be reproduced upward on the page. 
B. Footward movements or forces should be 
reproduced downward on the page. 

3. For ballistocardiographs recording in other 
dimensions of the body (vector ballisto- 
cardiographs) the reproductions on the 
paper should be oriented as follows: 

A. Side to side (transverse) movements or 
forces: 
(a) towards the left, upward on the 
page. 


(b) towards the right, downward on the 
page. 
B. Front to back (saggital) movements or 
forces: 
(a) towards the back, upward on the 
page. 
(b) towards the front, downward on the 
page. 
4. For ballistocardiographs recording rotation 
A. About the longitudinal axis: 
(a) clockwise (as observed from the 
subject’s foot), upward on the page. 
(b) counterclockwise (as observed from 
the subject’s foot), downward on the 
page. 

. About a transverse axis: 

(a) clockwise (as observed from the 
subject’s right), upward on the page. 

(b) counterclockwise (as observed from 
the subject’s right), downward on 
the page. 

’. About a saggital axis: 

(a) clockwise (as observed from in front 
of the subject), upward on the page. 

(b) counterclockwise (as observed from 
in front of the subject), downward 
on the page. 

5. For turntable ballistocardiographs 

When the long axis of the turntable, and 
of the subject on it, lies in the direction in 
which movement or forces are being re- 
corded, this is known as the longitudinal 
zero position. 

When the turntable is rotated clockwise 
(as viewed from above) so that its left side 
(the left side of a subject lying on his back 
upon it) is moved towards the position 
formerly occupied by the feet, the amount 
of rotation should be specified by degrees 
left; if the rotation is counterclockwise, by 
degrees right, thus defining the angle with 
the zero position in which the record is 
taken. For example, ‘‘The record was se- 
cured with a rotation of 30 degrees left.’ 

Anteroposterior (ventrodorsal) records are 
taken on turntables after placing the patient 
on his right side, and the turntable at 90 
degrees from the longitudinal zero position. 
When the subject and turntables are in this 
position it is called the saggital zero position 





; 
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and rotation from this position is defined 
in degrees as above. 

Turntable records should be reproduced 
in publications in accord with the conven- 
tions for longitudinal, transverse, and sag- 
gital records as stated previously. 


Part II]. Toe CommitrEE FURTHER 
RECOMMENDS: 


. That this report be published in Crr- 


CULATION. 


2. That reprints be sent to the editors of all 


journals likely to publish articles in this 
field, to enlist their support for a uniform 
terminology. 


3. 


That other reprints be kept available for 
authors who may desire or need information 
on the matter. 


. That the recommendations submitted here- 


in be adopted as the official policy of the 
editors of CrRCULATION and CIRCULATION 
RESEARCH. 


. That Dr. Braunstein’s article be published 


in CIRCULATION with a note indicating that 
it has the approval of this committee to 
appear in the same number as this report. 


}. That the committee be continued in being 


to complete its work on the nomenclature of 
vertical, acceleration and other new forms 
of ballistocardiograms. 





CLINICAL PROGRESS 
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The Treatment of Chronic Cor Pulmonale 


By R¥€sanE M. Harvey, M.D., M. Irené Ferrer, M.D., anp ANDRE CourNAND, M.D. 


ODERN concepts of therapy in chronic 
cor pulmonale, or heart disease sec- 
ondary to lung disease, have developed 
largely as a result of increased knowledge of 
the physiologic disturbances in pulmonary 
function which give rise to the circulatory se- 
quellae in these diseases. Since the cardiocircu- 
latory complications spring from the under- 
lying pulmonary dysfunction, therapy, if it is 
to be successful, must be directed at the former 
as well as at the latter. The older pessimistic 
attitude concerning therapy in these patients 
resulted from attacking exclusively or primarily 
the cardiac insufficiency to the neglect of the 
parent entity, pulmonary insufficiency. All too 
often a cyanotic patient with dyspnea and 
cough, some abnormality in x-ray films of the 
lungs, and right heart failure is diagnosed as 
having chronic cor pulmonale without further 
effort at clarification of the nature of the under- 
lying pulmonary disease. The treatment of 
chronic cor pulmonale must include an attack 
upon the pulmonary insufficiency, and treat- 
ment of the latter can only be fruitful if the 
nature and extent of the lung disease and its 
consequences are known. 
Hence one can say that treatment of chronic 
cor pulmonale really begins with a correct diag- 
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nosis of the lung disease causing it. Prognosis 
of the ultimate outcome is also dependent upon 
accurate diagnosis. One cannot outline the 
same therapy for a patient with pulmonary 
fibrosis as for one with pulmonary emphysema 
as far as improvement of pulmonary function 
is concerned. On the other hand the treatment 
of right heart failure consists of much the same 
regimen in both cases. 

Although there are many forms of lung dis- 
ease which can secondarily compromise the cir- 
culation and produce chronic cor pulmonale, 
the commonest include chronic obstructive 
pulmonary emphysema, different types of 
pulmonary fibrosis, and granulomatous lesions 
which may eventually result in fibrosis. How- 
ever, right heart enlargement, with or without 
cardiac failure, the essential characteristic of 
chronic cor pulmonale, is uncommonly associ- 
ated with uncomplicated pulmonary tubercu- 
losis, bronchiectasis or bacterial pneumonia. 
The circulatory complications associated with 
kyphoscoliosis are probably related to an ac- 
companying emphysema in most instances, al- 
though no extensive study of the circulation in 
this group of patients is available. Finally, we 
shall not concern ourselves here with the rarer 
types of chronic pulmonary hypertension such 
as those due to pulmonary emboli or secondary 
to pulmonary metastases. 

It is evident, then, that the treatment of 
chronic cor pulmonale usually involves the 
treatment of pulmonary fibrosis or emphysema. 
One cannot stress too emphatically that the 
presence of one disease, for example, emphy- 
sema, does not automatically imply the co- 
existence of the other. The tendency to write 
down pulmonary fibrosis and emphysema as a 
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diagnosis is to be deplored unless both condi- 
tions are shown by objective measurements to 
be present. This is particularly important in 
setting up a regimen of therapy for these pa- 
tients and in understanding the mechanisms 
whereby the cardiocirculatory complications 
develop in each case. 


Curonic Cor PULMONALE DUE TO CHRONIC 
PULMONARY EMPHYSEMA 


Chronic pulmonary emphysema is the com- 
monest cause of chronic cor pulmonale, and 
hence its pathophysiology, including the circu- 
latory complications, will be reviewed briefly 
as a background for the discussion of treat- 
ment. 

There are three fundamental disturbances 
in pulmonary function in chronic pulmonary 
emphysema: (1) there is gross impedance to 
air flow in and out of the lungs, (2) the air is 
unevenly distributed to the alveoli, and (3) 
the blood returning to the lungs is similarly 
unevenly distributed to the alveoli.’ At the 
present time we cannot attack the latter dys- 
function therapeutically. Means are available, 
however, which permit us to remedy the first 
two abnormalities. 

The inadequate air flow is caused not only 
by loss of elasticity of the lung tissue, but also 
by bronchiolar spasm and mucosal edema, and 
by obstruction resulting from secretions and 
exudates. Vaporized bronchodilators are often 
quite effective in alleviating the symptoms due 
to bronchial obstruction. This can be readily 
demonstrated by the improvement in the maxi- 
mum ventilatory capacity, which so frequently 
follows the inhalation of these drugs. In our 
experience the best results are obtained with 
certain of these drugs if they are used syste- 
matically, and not just when the patient is in 
distress. Five to eight drops of the undiluted 
bronchodilator solution are vaporized at each 
treatment and inhalation of this amount should 
take place over a 10- to 20-minute period. Such 
a preparation as Vaponefrin, can be inhaled 
three or four times a day using a manually 
operated nebulizer and will usually produce 
bronchodilator effects without tachycardia or 
tremor. However, it has been amply demon- 
strated that bronchodilator drugs can be better 


disseminated if a positive pressure apparatus 
is used in conjunction with the nebulizer.‘ 
Bothersome secretions and exudates so often 
encountered in the patient with emphysema, 
generally result from either acute or chronic 
pulmonary infections, and may be combatted 
by the intensive use of antibiotics given in a 
variety of ways. In these patients one cannot 
ignore what might ordinarily be considered to 
be a trivial respiratory infection, because the 
patients do not tolerate well any further en- 
croachment upon their pulmonary reserve. The 
loss of even a small area of functioning lung 
tissue as a result of bronchial or pulmonary in- 
fection, may be sufficient to precipitate severe 
pulmonary insufficiency. 

The majority of patients with emphysema, 
however, do not present only simple ventilatory 
insufficiency. At some time in their disease more 
severe ventilatory dysfunction, coupled with 
gross disturbance in distribution of air and 
blood to the alveoli, leads to alterations in gas 
exchange, with resulting anoxia and hyper- 
capnia. In some individuals, anoxia with or 
without carbon dioxide retention is only seen 
with acute pulmonary infections and subsides 
with the alleviation of the infection. In others, 
of course, the disease process itself is more ad- 
vanced or is associated with frequent and severe 
attacks of bronchiolar spasm; hence anoxia and 
hypercapnia of varying degree are constantly 
present. It is when anoxia and hypercapnia 
become a dominant feature of emphysema that 
the circulatory complications may appear, i.e., 
pulmonary hypertension, hypervolemia with 
polycythemia and right heart failure. 


Management of Acute Exacerbations of Cardio- 
pulmonary Insufficiency 


Unfortunately many of the patients with 
chronic pulmonary emphysema and cor pul- 
monale are not seen by a physician until heart 
failure is present. Then one is faced with a most 
difficult therapeutic problem, namely, the man- 
agement of the patient with advanced pulmo- 
nary emphysema who enters the hospital 
acutely ill, intensely cyanotic, coughing ineffec- 
tively, bringing up with difficulty thick tena- 
cious sputum. Sometimes somnolent, usually 
restless, he is often unable to cooperate. The 
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cerebral manifestations of anoxia may even 
reach a stage of paranoia and disorientation. 
This patient requires constant and expert medi- 
eal attention. He cannot be given a nebulizer 
with brief instructions as to its use and left to 
medicate himself. Bronchoscopy and postural 
drainage usually are impractical because of the 
precarious state of the patient. He can, how- 
ever, often bring up sputum if urged constantly. 

Generally this type of treatment is insuffi- 
cient and oxygen must be supplied. in a certain 
group of these subjects whose interference with 
gas exchange has produced anoxia without 
hypercapnia, this is not hazardous and ad- 
ministration of oxygen by mask, tent or nasal 
catheter rapidly alleviates the symptoms and 
signs of oxygen want.® In others, however, 
where alveolar hypoventilation is marked and 
‘arbon dioxide retention is present in addition 
to anoxia, the respiratory response to carbon 
dioxide is known to be diminished and anoxia, 
operating through the carotid body chemo- 
receptors, remains the primary stimulus to 
breathing. The increase in arterial blood oxygen 
tension following oxygen therapy results in a 
further marked reduction in alveolar ventila- 
tion and hence a further rise in carbon dioxide 
tension and bicarbonate levels in the blood. 
Eventually the carbon dioxide retention may 
lead to narcosis and even death. Thus in all 
emphysematous patients one should always de- 
termine the carbon dioxide content of the ar- 
terial blood before starting oxygen therapy, 
and if there is hypercapnia, employ some 
mechanical means to maintain adequate alveo- 


lar ventilation while oxygen is being supplied. 

A number of respirators* are available which 
can be employed as mechanical aids to ventila- 
tion. Although each of these operates in a 
somewhat different fashion, the ultimate aim of 
all is to improve alveolar ventilation in such a 


* We have had the most experience with the Pneo- 
phore (Mines Safety Appliance Company, Pittsburgh, 
Pennsylvania) and the Bennett Pressure Breathing 
Therapy Unit (Model TV-2P, V. Ray Bennett & As- 
sociates, Inc., Los Angeles, Calif.). Others have used 
the Drinker Model Respirator and a simplified form 
of this type of respirator, the Technicon-Huxley 
Chest-Abdomen Respirator (Conitech, Ltd., New 
York, New York) is at present under study in our 
laboratory. 


way that not only is more oxygen conveyed to 
the alveoli but also carbon dioxide is more effec- 
tively eliminated. With some of these aids, 
ventilation may be improved to such an extent 
on room air, that adequate oxygenation occurs 
even without the use of high oxygen mixtures 
in the inspired air. Furthermore it has not been 
found necessary to utilize helium-oxygen mix- 
tures to achieve adequate oxygenation. During 
the acute episodes of cardiac and pulmonary 
insufficiency the patient should use these me- 
chanical ventilatory aids as much as 18 to 20 
hours a day. The use of vaporized broncho- 
dilators make these aids more effective. As the 
patient improves—and this can best be gaged 
by frequent determinations of the arterial blood 
oxygen saturation and carbon dioxide content 
—the periods of unassisted breathing can be 
increased. It generally requires 10 days to 2 
weeks of incensive treatment to achieve a state 
in which the respiratory aids are no longer es- 
sential. Since every effort is being made to 
improve ventilation and to clear the respiratory 
passages of secretions in the presence of a poor 
cough mechanism, it is obvious that the use of 
morphine, codeine and barbiturates is contra- 
indicated and if used in some subjects may be 
fatal. If sedation is absolutely necessary, chlo- 
ral hydrate or paraldehyde can be adminis- 
tered. 

So far the discussion has centered around the 
treatment of the pulmonary insufficiency in 
these patients with emphysema and cor pul- 
monale. Emphasis has been placed upon relief 
of anoxia and carbon dioxide retention because 
they set into motion the cyele of events which 
precipitate and perpetuate cardiac failure. The 
anatomic restriction of the pulmonary vascular 
bed is, of itself, generally not sufficient to pro- 
duce anything but minimal pulmonary hyper- 
tension at rest in the emphysematous patient. 
When anoxia and hypercapnia appear there 
evolves the classic picture of cor pulmonale: 
severe pulmonary hypertension, polycythemia, 
high cardiac output and ultimately right heart 
failure.® 7 

The specific cardiac therapy of the patient 
in failure with chronic cor pulmonale is the 
same as would be used in heart failure due to 
other forms of heart disease, that is, adequate 
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digitalization, low salt diet and, when neces- 
sary, mercurial diuretics. One must remember 
that one cannot rely soleiy on the heart rate 
as an index of full digitalization in these pa- 
tients, as they tend to have rapid heart rates 
not only because of failure, but also as a result 
of anoxia. Even when heart failure is not pres- 
ent, they tend to run resting ventricular rates 
of 90 to 100, and if digitalis dosage is increased 
to combat this rapid rate, intoxication may 
result. Arrhythmias are very rare in patients 
with pure chronic cor pulmonale. Their occur- 
rence strongly suggests the coexistence of 
another type of heart disease. Hydrothorax 
due to heart failure is rarely seen in uncom- 
plicated cor pulmonale and if pleural effusion 
is found, one must consider an additional 
diagnosis such as empyema due to a pneu- 
monia, or hemorrhagic effusion due to pul- 
monary infarction. In the presence of pleural 
fluid in an emphysematous subject one must 
weigh the possible improvement in lung func- 
tion, after thoracentesis, against the real 
danger of inducing a pneumothorax by this 
procedure. 

The polycythemic state of these patients is 
disadvantageous because it promotes an in- 
creased venous return to a failing right ventricle 
and also plays a role in maintaining and exag- 
gerating pulmonary hypertension. In these 
patients, when the lesser circulation becomes 
abnormal, an increased blood flow and poly- 
¢cythemia cannot be considered as advantageous 
homeostatic responses directed towards the 
satisfaction of tissue oxygen needs in the 
presence of anoxia, as they are in normal man. 
Therefore, it is imperative to reduce blood flow 
and blood volume by means of phlebotomies. 
The diagnosis of this secondary polycythemia, 
which is characterized by hypochromic red 
blood cells, can best be made clinically by a 
measurement of the hematocrit. Determina- 
tions of hemoglobin content alone will be mis- 
leading as this value may be within normal 
range when the hematocrit is high. 

Phlebotomies should be performed judi- 
ciously, particularly in the acutely ill patient. 
Indeed, most of the preceding therapies should 
be instituted prior to blood letting. The volume 
of venous blood removed may vary from 300 cc. 


to 500 ce. at each phlebotomy, and the use of 
a vacuum bottle makes the withdrawal of this 
very viscid fluid fairly easy. Serial measure- 
ments of the hematocrit and hemoglobin will 
indicate the total amount of blood which must 
be removed to return the hematocrit to 45 to 
50 per cent without reducing the hemoglobin 
below 12 Gm. In this connection, it is important 
to emphasize that phlebotomies should not 
be done more often than every two to three 
days. 

The patient in full-blown acute cardiac and 
pulmonary insufficiency represents a _ real 
challenge to both physician and nurse. Con- 
stant attention is needed to urge effective 
cough. Steam inhalation and sputum liquefiers 
such as potassium iodide or terpin hydrate 
may be used. Adequate fluid intake and par- 
ticularly an adequate caloric intake must be 
almost forced on these somnolent patients who 
may even doze off with their mouths full of 
food. Infinite patience may be necessary in 
handling the cerebral aberrations of which 
they may bitterly complain, particularly dur- 
ing a restless night time. It is well known that 
these individuals may suddenly, almost un- 
accountably, take a turn for the worse in a few 
minutes time; it is best, therefore, to have a 
physician visit their bedside every two or three 
hours during the first few days, particularly 
if they are using a respirator. Obviously the 
nurse must be carefully trained in handling 
such patients and particularly in the use of 
the mechanical ventilatory aids. 

If pursued unremittingly, all these measures 
will result in improved pulmonary function, 
reduction in and even abolition of pulmonary 
hypertension at rest and relief of the right heart 
failure. In fact, it has been our experience in 
recent years that the problem of heart failure, 
per se, can almost invariably be resolved in 
these subjects. The pulmonary insufficiency, 
however, remains as the important and some- 
times fatal disability. When heart failure per- 
sists despite the measures discussed above, one 
should reconsider the diagnosis as it is unlikely 
that emphysema alone is the primary cause 
of the difficulties. A recent case of cor pul- 
monale who died in severe right heart failure 
illustrates this point. The patient was admitted 





























in marked cardiac and pulmonary insufficiency 
with all the evidence, clinical and physiologic, 
of severe obstructive pulmonary emphysema. 
This lesion, in addition to a superimposed 
pheumonia, was considered to be the basis of 
his disability. Despite the intensive use of all 
the measures stressed above, cardiac failure 
was not relieved. Three other unusual features 
were present. He had recurrent and large 
amounts of right chest fluid, a complication 
rarely seen in pure chronic cor pulmonale 
secondary to emphysema; he became icteric a 
few days before death; and cardiac catheteriza- 
tion shortly after admission revealed an 
extraordinary elevation of pulmonary artery 
pressures, 115/48 with a mean of 72 mm. Hg, 
values not encountered in our laboratory in a 
patient with cor pulmonale and only emphy- 
sema. The pulmonary artery pressures sug- 
gested the presence of severe anatomic curtail- 
ment of the pulmonary vascular bed, and the 
appearance of icterus terminally suggested 
pulmonary infarction. This was confirmed by 
necropsy which revealed multiple large pul- 
monary emboli, both old and new, in addition 
to the pulmonary emphysema. 


Maintenance Therapy 


Once the patient has recovered from the 
acute episode of cardiopulmonary insufficiency, 
all efforts are directed at maintaining him free 
of circulatory complications and in as optimal 
a state of pulmonary function as is possible 
with modern methods. These patients should 
be followed regularly and at frequent intervals, 
even when they are doing well, not only for 
appraisal by the usual clinical means but also 
for evaluation by certain simple physiologic 
measurements. 

One can obtain essential information con- 
cerning pulmonary function from analysis of 
the arterial blood for its oxygen saturation 
and carbon dioxide content, associated, if 
possible, with a determination of arterial pH, 
so that carbon dioxide tension can also be 
calculated. If the emphysematous patient with 
cor pulmonale is doing well, there are only 
minor fluctuations in arterial blood oxygen 
saturation and carbon dioxide content as deter- 
mined at rest under basal conditions. The 
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need to be made depends upon many factors 
and in our experience may vary from every 
two to six months depending upon the severity 
of the individual patient’s disease and the 
occurrence of complications. The oxygen satu- 
ration may vary as much as 10 per cent on 
repeated monthly samplings but is usually 
found to be above 80 per cent; the carbon 
dioxide tension generally lies in the range of 
45 to 55 mm. Hg when the patient is well con- 
trolled. Variations in carbon dioxide tension 
are much smaller than variations in arterial 
oxygen saturation and hence a change of 5 mm. 
Hg or more in this measurement in the individ- 
ual patient is highly significant. It is necessary 
to obtain such data because it is often difficult 
to demonstrate changes in the patient’s condi- 
tion by clinical examination alone. The acute 
respiratory infection is apparent to patient 
and physician alike, but there may be a clini- 
cally imperceptible and gradual change which 
is uncovered only by serial laboratory deter- 
minations. The cause of this gradual decline 
in pulmonary function is not always clearly 
demonstrable, but frequently it is reversible 
by an intensification of the therapeutic pul- 
monary regime. These individuals, who are 
already using Vaponefrin by nebulizer regu- 
larly three times a day, are advised to use it 
every four hours. Antibiotics are used vigor- 
ously even if the subject is afebrile. The 
improvement following antibiotics is often so 
satisfactory that one is led to believe that there 
is an important element of hidden bronchial 
or pulmonary infection present. The impor- 
tance of bed rest cannot be overemphasized 
since it has been shown that the arterial blood 
oxygen saturation, already low at rest, becomes 
much lower on exertion and may even fall to 
45 per cent in this type of emphysematous 
subject. 

One can anticipate that the use of mechanical 
respirators may become a part of the main- 
tenance therapy of these individuals, in order 
to promote better alveolar ventilation and 
hence better respiratory gas exchange.‘ * Pre- 
liminary trials show this to be a feasible and 
effective procedure if used three to four hours 
a day, but it is at present limited by the ex- 


frequency with which these determinations 
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pense of the equipment. Abdominal belts, 
breathing exerciseskand pneumoperitoneum 
have been reported to be of benefit in certain 
‘ases, particularly those with inadequate 
diaphragmatic motion. 

In treating pulmonary insufficiency in these 
patients with chronic cor pulmonale, emphasis 
has been placed upon the various therapeutic 
means which promote better gas exchange, 
inasmuch as cardiac complications in large 
measure spring from anoxia and hypercapnia. 
It has been shown that anoxia and hypercapnia 
stimulate polycythemia and that the latter 
frequently appears or suddenly increases just 
prior to heart failure. This represents an im- 
portant clue to success in the management of 
the patient with cor pulmonale. If repeated 
measurements of the hematocrit show an in- 
creasing red cell mass, phlebotomies are per- 
formed as indicated. Obviously the hematocrit 
may be measured from the arterial blood 
sample drawn for blood gas analysis, but 
venous blood, if properly drawn (that is, with- 
out use of tourniquets) will suffice. In the pa- 
tient who must be repeatedly phlebotomized— 
and this may vary from bimonthly to bi- 
annually—iron containing foods should not 
be withheld as this will not depress red cell 
formation effectively and serves only to in- 
crease the hypochromia. 

The patients who have been in cardiac failure 
are maintained on digitalis preparations. This 
cautious attitude is dictated by the fact that 
even though these subjects may now have 
normal pulmonary artery pressures at rest 
they will have a rise in pulmonary artery 
pressure on exertion and hence may experience 
some right heart strain. However, it is not our 
custom to institute digitalization in patients 
with emphysema who have never shown any 
evidence of heart failure. One must also re- 
member that cough and dyspnea are symptoms 
of pulmonary and not cardiac dysfunction in 
these patients, and hence are not indications 
for mercurial diuretics in the absence of right 
heart failure. 

Following the progress of the pulmonary 
disease, in this instance emphysema, by means 
of serial chest x-ray films is not often helpful 
except in the diagnosis of complicating pul- 


( 


monary infections. Repeated measurements of 
heart size, however, are useful, since it has 
been shown that the heart diminishes in size 
once heart failure is relieved. Similarly, an 
increase in heart size in these patients suggests 
the onset of heart failure even though the 
clinical manifestation of edema may not yet 
be present. 

In summarizing the effectiveness of the 
regimen outlined for patients with chronic cor 
pulmonale and emphysema, it can be said that 
heart failure in this group is not necessarily 
chronic or intractable. Furthermore once the 
patient is relieved of cardiac failure one should 
be able to maintain him free of cardiac insuffi- 
ciency in most instances. In our experience, 
patients maintained on the routine outi.ned 
have not had a recurrence of heart failure 
unless the routine was given up for one reason 
or another. In fact a number of these patients 
have returned to full time employment. 


Curonic Cor PULMONALE DUE TO 
PULMONARY FIBROSIS 


The problem of right heart involvement in 
pulmonary fibrosis lends itself much _ less 
readily to analysis than it does in emphysema, 
because very little as yet is known about the 
frequency, nature and pathogenesis of circu- 
latory complications in these disease processes 
from a clinicophysiologic point of view. This 
is particularly true of silicosis, the commonest 
form of fibrosis producing heart failure, where 
very little data is available concerning the 
pulmonary circulation, cardiac output and 
blood volume. It is important, however, to 
emphasize here that the location and distribu- 
tion of anatomic lesions in all the various forms 
of pulmonary fibrosis determine in large meas- 
ure the degree of circulatory involvement to 
be expected. For example, one does not see 
chronic cor pulmonale as a result of uncompli- 
cated pulmonary tuberculosis or localized 
patches of pulmonary fibrosis, such as occur 
in healed lung abscesses, bronchiectasis, or 
thickened pleura. Rather the process must be 
generalized and located in such a way as to 
encroach upon all the pulmonary vasculature 
either by restricting its expansibility by collar- 
like perivascular lesions,'® or by actual reduc- 





938 CLINICAL PROGRESS 


tion in the number of the functioning vessels. 
In either event pulmonary hypertension will 
be present whether blood flow is normal or 
reduced. 

In silicosis it has long been known that the 
pulmonary dysfunction may remain one of 
ventilatory insufficiency without arterial anoxia 
for long periods of time.'': Whether pul- 
monary hypertension is frequent in these 
patients is not yet known, but it can be pres- 
ent without producing changes in the heart 
size or configuration of the electrocardiogram.? 
How well this pulmonar; hypertension is 
tolerated, that is, how soon right heart ‘ailure 
will follow, if ever it appears ‘n this group, is 
unknown. The few patients studied in conges- 
tive failure due to silicosis alone appear to 
have a low cardiac output even in the presence 
of anoxia and polycythemia, in contrast to the 
cor pulmonale due to emphysema. Anoxia is 
seldom severe in silicosis unless the disease is 
far-advanced or unless there coexists with the 
pneumoconiosis its frequent complication, 
chronic obstructive emphysema. When both 
diseases are present either may dominate the 
functional status and hence circulatory changes 
due to either or both may occur. 

Although little is known of the circulatory 
complications in silicosis not associated with 
emphysema, the picture is a little clearer in 
that group of rarer diseases which produce 
pulmonary lesions located in the pulmonary 
alveolar-capillary membrane and which are 
characterized by difficulty of oxygen diffusion. 
The term “syndrome of alveolar-capillary 
block”’ has been proposed for this group of 
diseases which include various granulomas of 
the lung (due to exposure to beryllium, Boeck’s 
sarcoid, and of undetermined origin), sclero- 
derma, and the diffuse reticular pulmonary 
fibroses."* It has been shown that in these 
patients the cardiac output is elevated and that 
mild pulmonary hypertension, due to anatomic 
restriction of the vascular bed and not te 
anoxia, is common at rest, increases with 
exertion, and in some instances may even be 
progressive. This latter feature is in sharp 
contrast to the pulmonary hypertension of the 
patient with emphysema and cor pulmonale, 
in whom the pulmonary hypertension, which 


is related to anoxia, is reversible and may be 
kept minimal by good treatment. Hence in 
the patient presenting this syndrome the ana- 
tomic lesion is the fixed and dominant factor. 
and the compromising of the right heart—at 
first minimal, later in the disease severe—is 
irreversible. 

It is obvious then that therapy in cardiac 
failure due to chronic pulmonary fibrosis or 
pulmonary granulomas, with their irreversible 
pulmonary hypertension, cannot be expected 
to be as beneficial or successful as in cor pul- 
monale due to emphysema. Nevertheless digi- 
talis will improve the cardiac output® and 
should be administered and maintained. Poly- 
cythemia is not a frequent complication but if 
present should be relieved. Obviously atten- 
tion to pulmonary infection is of great impor- 
tance. The use of oxygen by the usual clinical 
means is satisfactory as long as there is no 
complicating pulmonary emphysema with its 
dangerous hypercapnia. When emphysema 
develops, as it often does," '*'5 one should 
suspect that much of the patient’s cardio- 
pulmonary disability relates to this disease, 
and vigorous therapy, as outlined above, should 
be directed at its sequellae. Indeed, ir several 
patients with silicosis followed in our clinic 
almost all the circulatory complications were 
found to be secondary to emphysema and 
consequently the patients were relieved of 
heart failure and have been maintained free of 
it for long periods of time. 

There is as yet little direct therapy for the 
primary pulmonary disease in patients with 
some form of fibrosis. Attention to secondary 
pulmonary infection is obviously important.'® 
It is reasonable to suggest that until better 
circulatory studies are available in all forms of 
pulmonary fibrosis physical exertion should 
be curtailed, as it is only by maintaining as 
low a level of pulmonary artery pressures as 
possible that right heart strain can be mini- 
mized. In patients with pneumoconiosis this 
appears at present to be the only rational 
therapeutic program, meager and _ pessimistic 
though it be. In the granulomas the use of 
cortisone and corticotropin (ACTH) has offered 
some hope of limiting the cellular proliferation 
causing the syndrome of alveolar-capillary 
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block.'?» '§ However, it is not always possible 
to control the degree of pulmonary fibrosis 
which results from hormonal treatment.'® 
Many patients with this type of progressive 
pulmonary disease frequently die of pulmonary 
insufficiency before chronic cor pulmonale has 
developed. It has been our experience that 
once the latter is seen, the patients progress 
to terminal heart failure in weeks or months. 
To summarize, the prognosis in a patient 
with chronic cor pulmonale due to some form 
of pulmonary fibrosis or granulomas may be 
poor as compared with the subject with pul- 
monary emphysema as his primary disease. 


SUMMARY 


In this presentation stress has been laid 
upon the concept that the treatment, as well 
as the prognosis of chronic cor pulmonale 
depend upon the underlying pulmonary dis- 
ease. It has long been known that the chief 
causes of chronic cor pulmonale are chronic 
obstructive pulmonary emphysema and vari- 
ous forms of fibrosis, particularly the pneumo- 
conioses. An understanding of the difference 
between these diseases, both as to their pul- 
monary dysfunction and their circulatory 
complications, is crucial to success in therapy. 
Management of the patient with chronic pul- 
monary emphysema and cor pulmonale is quite 
different from that of the subject with fibrosis 
and right heart involvement. 

In emphysema, we are fortunately able to 
reverse two features of the pulmonary insuffi- 
ciency, anoxia and carbon dioxide retention, 
which are of paramount importance in pro- 
ducing the salient circulatory complications, 
that is pulmonary hypertension, hypervolemia, 
right heart failure. By vigorously combatting 
anoxia and hypercapnia, it is possible to re- 
verse these circulatory abnormalities and 
prevent their recurrence. If the premonitory 
signs of increasing anoxia and hypervolemia 
are heeded and proper therapy instituted, it 
may even be possible to prevent an initial 
episode of heart failure in the emphysematous 
subject. 

Unfortunately, little as yet is known about 
the circulation in the pulmonary fibroses. In 
patients with pulmonary fibrosis as well as 


those with granulomas of the lung it would 
appear that the anatomic pulmonary lesion is 
chiefly responsible for the pulmonary hyper- 
tension, in contradistinction to the patients 
with emphysema. Inasmuch as the anatomic 
lesions are for the most part irreversible, so is 
the pulmonary hypertension. This has limited 
our therapeutic approach in this form of 
chronic cor pulmonale to rigorous restriction 
of physical activity directed at minimizing 
exacerbations of pulmonary hypertension. 

While emphasis has been placed upon the 
difference in management of the patient with 
emphysema or fibrosis and cor pulmonale, 
nonetheless it should be remembered that in 
any individual patient these two conditions 
may coexist. In that event, intensive therapy 
directed at the sequellae of emphysema may 
be very rewarding. 
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CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Littmann, D.: The Prevention of Thromboembolism 
in Acute Coronary-Artery Disease. New England 
J. Med. 247: 205 (Aug. 7), 1952. 

The observations in this report are based upon 
the study of 156 patients who survived acute myo- 


cardial infarction for more than 48 hours. Of this 
total 112 patients were treated without anticoagu- 
lants. They were encouraged to move about freely 
in bed, exercise the legs, feed, wash and shave them- 
selves, and use the toilet. Early ambulation, usually 
between two and three weeks, was the rule. The 
mortality in this group was 4.2 per cent, including 
three patients in whom anticoagulants were omitted 
for reasons other than the standard rules of selection 
employed. Pulmonary infarction occurred in two 
patients and cerebrovascular accidents occurred in 
two patients in this untreated series. 

Anticoagulants were used in 44 patients who were 
classed as poorer risks because of congestive failure, 
prolonged shock, intractable pain, high fever or 
anticipation of prolonged confinement to bed. The 
author feels that no more than 25 per cent of average 
hospital patients with acute coronary artery disease 
fall into this category. In this group there was a 
mortality of 15.9 per cent. Pulmonary infarction oc- 
curred in four and cerebrovascular accidents oc- 
curred in five patients in this group. None of five 
patients who were examined postmortem showed 
evidence of thromboembolism. 

The author’s observation is that considerable 
movement in bed, mild activity and early ambula- 
tion have no deleterious effects on convalescents 
from myocardial infarction. Furthermore the belief 
is expressed that anticoagulant drugs do not influence 
in any degree the development of mural thrombi 


over the sites of myocardial infarction or the sys- 
temic emboli which may ensue. The author concurs 
in the opinion that good-risk patients with myo- 
cardial infarction normally have a mortality which 
is so low that the risk of hemorrhagic complications 
from anticoagulants may be in excess of the pre- 
ventable mortality. 
ROSENBAUM 


Zelman, S., and Nice, G. W.: Recurrent Left 
Laryngeal Nerve Paralysis in Arteriosclerotic 
Heart Disease. J.A.M.A. 149: 1291 (Aug. 2), 1952. 
Hoarseness associated with cardiac disease and 

due to recurrent left laryngeal nerve paralysis is 

most commonly seen in severe mitral stenosis and 
less commonly in congenital heart disease. Due to its 
rareness in arteriosclerotic heart disease with con- 
gestive heart failure the authors report a case and 
discuss the pathogenesis. It is suggested that an 
unusually low transverse aorta encroaching on the 
aortic window was partially responsible for the nerve 
compression in the case reported. 

KiITCHELL 


Oblath, R. W., Levinson, D. C., and Griffith, G. C.: 
Factors Influencing Rupture of the Heart After 
Myocardial Infarction. J.A.M.A. 149: 1276 (Aug. 
2), 1952. 

Eighty patients who died of perforation of the 
myocardium with hemopericardium and cardiac 
tamponade make up the basis of this article. There 
were 47 women and 33 men. Eighty per cent of the 
patients entered the hospital within the first 72 
hours of the infarction. It was interesting to note 
that in four cases the rupture occurred in the first 
24 hours, on the other hand rupture occurred after 
19 days in six of the patients. There was no evidence 
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that digitalis administration was related to myo- 
cardial rupture. Multiple unipolar lead electrocardio- 
grams may give evidence of impending rupture of the 
heart by showing a full thickness infarct pattern in 
anterior infarction. The interventricular septum was 
involved in a greater number of these patients than 
could be expected in a random sampling of recent 
infarcts found at autopsy. In general, the amount of 
postinfaretion activity these patients underwent 
did not appear significant. With this exception the 
results of the clinical survey did not differ consider- 
ably from the results of previous investigations and 
reports on cardiac rupture. 
KITCHELL 


ELECTROCARDIOGRAPHY 


Burger, H. C., Van Milaan, J. B., and den Boer, W.: 
Comparison of Different Systems of Vectorcardi- 
ography. Brit. Heart J. 14: 401 (July), 1952. 
The authors compare their two systems of record- 

ing the vectorcardiogram with that of the equilateral 

tetrahedron proposed by Wilson. Their own two 
systems show good correspondence, but they corre- 
spond poorly with the Wilson system. 

This discrepancy may be due to (1) the tissue 
surrounding the heart if the electrical activity of the 
heart can be regarded as a single dipole, or (2) the 
possibility that the electrical activity of the heart 
cannot be regarded as a single dipole. 

SOLOFF 


Rose, L. M.: Electrocardiographic Changes in 
Acute Poliomyelitis in Childhood. Brit. Heart J. 
14: 391 (July), 1952. 

The electrocardiograms were analyzed of 55 
children with acute anterior poliomyelitis. Six of 
seven children with and 7 of 48 without respiratory 
paralysis had abnormal electrocardiograms. The 
abnormal findings were nonspecific and usually 
transient. They consisted of Q-wave abnormalities 
in two, ST and T-wave changes in five, T-wave 
changes in two, prolonged P-R in four and pro- 
longed Q-Tc in six. 

SOLOFF 


Mart, J. A., Flack, H. A., and Mayer, C. C.: Elec- 
trocardiographic Patterns in Patients with Second 
Myocardial Infarctions. J.A.M.A. 149: 1109 (July 
19), 1952. 

The clinical and electrocardiographic records of 
12 patients who had sustained two myocardial in- 
farctions—first an anterior type, followed later by a 
posterior type—were studied with reference to the 
electrocardiographic changes resulting from the 
second infarction. A posterior infarction engrafted 
on a previous anterior infarction presents typical 
electrocardiographic changes in the serial tracings 
similar to those conventionally recorded. The resid- 
ual pattern of the anterior infarction is substantially 
obliterated from the electrocardiographie records 


by the acute changes of the posterior infarction. 
Months or years after the second infarction the elec- 
trocardiographic pattern may be that of the posterior 
infarct, a mixture of defects that are the residue of 
both infarctions, or a nearly normal pattern. 
KITCHELL 


Donzelot, E., Laham, J., Castel, Y., and Doliopoulos, 
T.: The Effects of Postural changes on the QRS 
Complex of the Precordial Electrocardiogram. 
Arch. mal. coeur 45: 707 (Aug.), 1952. 

Changes of the 12 lead electrocardiogram pro- 
duced by right and left lateral position were studied 
in 80 persons. Thirty had normal tracings and the 
rest various abnormalities like left or right ventricu- 
lar strain, combined heart strain, anterior wall 
infarction, and left bundle branch block. 

In general, dextroposition of the patient produced 
in the precordial electrocardiogram a shift of the 
transition zone to the right, and levoposition a 
shift to the left. This was accompanied by more or 
less marked variations of the electrical axis in the 
standard leads, and of the “electrical position”’ in 
the AV limb leads. In normals the axis shift never 
exceeded 0 or +90 degrees. Marked alterations of 
the electrical position were seen especially in cases 
with left bundle branch block and with left heart 
strain. The authors conclude that the position of 
the heart has a definite influence on the location of 
the transitional zone and thus on the pattern of the 
precordial electrocardiogram. 

Pick 


Holland, W. C., Dunn, C. E., and Greig, M. E.: 
Studies on Permeability. VIII. Role of Acetyl- 
choline Metabolism in the Genesis of the Elec- 
trocardiogram. Am. J. Physiol. 170: 339 (Aug.), 
1952. 

The work presented indicates a correlation be- 
tween the height of P, R and T in the electrocardio- 
gram and the rate of ion transfer of sodium and 
potassium into and out of heart muscle cells. These 
investigations support the thesis that the rate of 
ion transfer is controlled by the metabolism of 
acetylcholine. The suggestion is made that the pro- 
duction of the electrocardiogram may depend in 
part on the rate of production and breakdown of 
acetylcholine. 

OPPENHEIMER 


Wynne, N. A., and Szekely, P.: The Effects of 
Tetraethylammonium Bromide on the Electro- 
cardiogram. Acta med. scandinav. 143: 129 (Fasc. 
2), 1952. 

The effects of intravenous administration of 
tetraethylammonium bromide in 19 cats under dial 
anesthesia was observed. In doses up to 10 mg. per 
kilogram a transient fall in arterial pressure occurred, 
whereas larger doses had a transient pressor effect. 
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Electrocardiographic changes were recorded only 
occasionally when the doses did not exceed 10 mg. 
per kilogram but doses of tetraethylammonium 
bromide greater than that produced electrocardio- 
graphic changes in the majority of the experiments. 
The electrocardiographic changes observed were 
principally alterations in the T wave, ventricular 
fibrillation, ventricular extrasystoles, heart block 
and nodal rhythm. These changes occurred inde- 
pendently of alterations in the blood pressure. On 
several occasions records made at the peak of a 
marked pressor effect showed transient normaliza- 
tion of previously inverted T waves. The electro- 
cardiographic effects of tetraethylammonium bro- 
mide were unaltered by atropinization, vagotomy 
and removal of the suprarenals. These authors be- 
lieve that most of the electrocardiographic changes 
observed are the result of a direct action of tet- 
raethylammonium bromide upon the heart muscle. 
Transient normalization of an inverted T wave at 
the height of a marked pressor effect could be due 
to transient improvement in the coronary circula- 
tion owing to coronary vasodilatation produced by 
noradrenalin liberated by the large doses of tetra- 
ethylammonium bromide. 
RosENBAUM 


Alzamora-Castro, V., Rubio, C., Abugattas, R., 
Battilana, G., Bouroncle, J., Zapata, C., Binder, 
T., and Santa-maria, E.: Alterations of the T 
wave in the Human Electrocardiogram Produced 
by Stimulation of the Carotid Sinus. Ztschr. 
Kreislaufforsch. 41: 581 (Aug.), 1952. 

The authors describe changes in the contour of T 
waves occurring in patients with heart disease under 
the effect of carotid sinus pressure. Two types of 
alterations were observed. Pre-existent inversion of 
the T wave became more marked, or, less frequently, 
an inverted T wave became upright. The degree of 
this alteration was usually most marked in beats 
which terminated longer ventricular intervals ef- 
fected by carotid sinus pressure. Some patients who 
had no signs of heart disease and a normal electro- 
cardiogram responded with inversion of upright T 
waves; the same T inversion was then seen to de- 
velop spontaneously and permanently in follow up 
tracings. Thus, in about four per cent of the ex- 
amined cases, T inversion upon carotid sinus stimu- 
lation appeared to be the only manifestation of 
latent heart disease. 

The mechanisms underlying these alterations of 
the T wave are not well understood. It seems that 
the carotid sinus reflex exerts some infiuence on the 
speed of repolarization, mainly in the subendocardial 
layers of the ventricular myocardium. This view is 
supported by the fact, that an attack of angina 
pectoris and the associated electrocardiographic 
alterations can sometimes be abolished by pressure 
on the carotid sinus. 

Pick 


Holzmann, M.: A Particular Type of Trigeminal 
Rhythm in Auricular Fibrillation. Cardiologia 20: 
359 (Fasc. 6), 1952. 

The author reports electrocardiograms showing 
an unusual type of allorhythmic heart action during 
auricular fibrillation. Groups of three short ventricu- 
lar intervals were separated by a long ventricular 
interval. The groups consisted of two complexes of 
supraventricular contour which included a bizarre 
and widened QRS-T complex. The coupling of the 
latter to the preceding complex of normal contour 
was almost constant, while the distance to the suc- 
ceeding normal beat showed more marked varia- 
tions. 

In order to explain this unusual type of trigeminal 
rhythm the author considers two possibilities, 
namely a re-entry phenomenon or supernormal 
phase of A-V conduction; either of them initiated by 
retrograde conduction of a ventricular premature 
contraction. Supernormal phase is, in the author’s 
opinion, the more likely explanation. 

Pick 


Schmidt, W.: Ventricular Extrasystole of Extreme 
Prematurity Preceding Morgagni-Adams-Stokes 
Attacks. Ztschr. Kreislaufforsch. 41: 590 (Aug.), 
1952. 

The author reports the case of a 34 year old 
woman who developed seizures of Stokes-Adams 
type, in one of which she died. Histologic examina- 
tion revealed no pathologic findings apart from areas 
of recent fibrosis, some in proximity to the conduc- 
tion system. 

Every attack was preceded by multiple prema- 
ture contractions. Electrocardiograms were recorded 
at the onset and during the course of the last fatal 
attack. At first, there were ventricular premature 
beats occurring so early that they were superim- 
posed on the ascending limb of the T wave of the 
preceding normal beat. Later, ventricular tachy- 
cardia with regular and rapid rate developed, termi- 
nating in the electrocardiographic pattern of ven- 
tricular fibrillation. The finding of ectopic ventricular 
beats of such extreme prematurity is rare in human 
pathology, and the subsequent terminal events are 
similar to observations made in animals. The author 
feels that spontaneous ventricular extrasystoles 
with extreme prematurity have prognostic signifi- 
cance and may indicate impending ventricular 
fibrillation. 

Pick 


ENDOCRINE EFFECTS ON 
CIRCULATION 

Simpson, S. A., Tait, J. F., and Bush, I. E.: Secretion 

of a Salt-Retaining Hormone by the Mammalian 

Adrenal Cortex. Lancet 2: 226 (Aug. 2), 1952. 

By paper chromatography extracts of adrenal 
venous blood from a monkey and a dog were shown 
to contain appreciable quantities of a substance 
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reasonably described as a mineralocorticoid from 
its effect on the urinary Na*/K® ratio of adrenal- 
ectomized rats. It is suggested by the authors that 
this demonstration lends support to Selye’s com- 
prehensive theory of “diseases of adaptation”’ 
which depends at least in part on the postulate that 
the adrenal cortex secretes a mineralocorticoid 
distinct from and antagonistic in action to the gluco- 
corticoids. 
McKusick 
HYPERTENSION 

Gill, R. J., and Duncan, G. G.: Arterial Hyperten- 

sion—The Therapeutic Effect of Cation-Exchange 

Resins. New England J. Med. 247: 271 (Aug. 21), 

1952. 

Cation-exchange resin therapy was considered in 
the treatment of hypertension because restriction 
of sodium intake lowers the blood pressure in many 
patients. The resins absorb sodium from ingested 
food and from the intestinal tract and make possible 
a restricted sodium intake difficult to attain in the 
home or to maintain over any long period. Thirty- 
eight ambulatory patients were studied for from 4 to 
10 months while receiving a dietary sodium intake 
ranging from 1 to 3 Gm. and an ammonium and 
potassium carboxylic cation-exchange resin (Reso- 
dec). Each patient had a diastolic pressure of at 
least 100 mm. Hg and at least moderately good renal 
function. 

Thirty-nine per cent of the patients had a sus- 
tained mean reduction in the diastolic pressure of 
20 mm. or more. A good response was observed only 
in those cases in which the urinary sodium excretion 
for 24 hours was no greater than 0.5 Gm. It was 
found in this study that such urinary sodium excre- 
tions were more easily achieved with the use of 
cation-exchange resins but that sodium restriction 
in the diet cannot be abolished even though they 
are used. Additions of salt to the diet resulted in 
increase in the blood pressure, increase in body 
weight and a return of such symptoms as headache 
and nervousness. Favorable changes in the ocular 
fundi, electrocardiograms, ballistocardiograms and 
cardiac size were recorded in some of the patients 
on this regime. 

Constipation, anorexia and abdominal fullness 
were common complaints on resin therapy while 
some patients complained of the unpalatability of 
the resin. Disturbances of serum calcium and potas- 
sium and hyperchloremic acidosis occurred rarely 
but were minimized after introduction of supple- 
ments of calcium lactate and potassium citrate. The 
authors express the belief that hypopotassemia is 
probably due to three factors: urinary excretion of 
potassium with the excess chloride ions, the tendency 
of low-sodium diets to be low in potassium, and 
potassium absorption by the resin. Cation-exchange 
resin therapy may prove more practicable and effec- 
tive when used intermittently. It seemed particularly 


effective in a small group of patients whose hyper- 
tension had not responded adequately to sympathec- 
tomy. 

ROSENBAUM 


Sirota, J. H., and Nabatoff, R. A.: Effects of Uni- 
lateral Renal Vein Hypertension Secondary to 
Splenorenal Vein Anastomosis on Individual 
Kidney Function. Am. J. Med. 13: 242 (Aug.), 
1952. 

The authors studied the effects of high and normal 
renal vein pressures on discrete renal function in a 
patient subjected to a splenorenal vein anastomosis. 
Prior to salt-loading, the kidney subjected to in- 
creased renal venous pressure presented significant 
relative depressions of inulin clearance, urine flow, 
and sodium and chloride excretion. The depressed 
urine and salt excretion during this period could be 
explained entirely on the basis of reduced glomerular 
activity. During early salt-loading, hyperemia and 
increased glomerular activity occurred in the normal 
kidney. The filtration fractions of both kidneys were 
significantly elevated and became more so during 
salt-loading. No significant differences in potassium 
excretion by the separate kidneys occurred before 
and during salt-loading. 

HaRRIs 


Greisman, S. E.: The Reactivity of the Capillary 
Bed of the Nail Fold to Circulating Epinephrine 
and Norepinephrine in Patients with Normal 
Blood Pressure and with Essential Hypertension. 
J. Clin. Investigation 31: 782 (Aug.), 1952. 

The minute vascular bed of the nail fold is sensi- 
tive to circulating epinephrine and norepinephrine. 
In this study it was found that the arterial segments 
of terminal capillary loops in the nail fold of patients 
with essential hypertension are hyper-reactive to 
circulating epinephrine, and even more so to nor- 
epinephrine. Under the conditions of this study the 
blood volume, cardiac output, peripheral blood flow, 
circulation time, and skin temperatures did not 
differ significantly from normal in individuals with 
essential hypertension. Vasomotion in the capillary 
bed is intensified in patients with hypertensive 
vascular disease. The increased reactivity of the 
capillaries to circulating epinephrine, or norepineph- 
rine, in hypertension may be a reflection of this 
fundamental increase in vasoconstrictor activity. 

WaAIFE 


Dolgoff, S., Schrek, R., Ballard, G. P., and Baker, 
L. A.: Tobacco Smoking as an Etiologic Factor in 
Disease. II. Coronary Disease and Hypertension. 
Angiology 3: 323 (Aug.), 1952. 

The smoking habits of 551 white men with 
coronary disease and 328 men with hypertension 
but without coronary disease were compared with 
the smoking habits of two matched control groups. 
No correlation was found between smoking and 





ABSTRACTS 945 


hypertension. In comparison to the control group, 

the group with coronary disease had a relatively high 

percentage of heavy cigarette and cigar smokers. 
WESSLER 


Thomas, C. B.: What is the Mode of Action of 
Thiocyanate Compounds in Essential Hyperten- 
sion? Ann. Int. Med. 37: 106 (July), 1952. 

The elevation of blood pressure in essential hyper- 
tension is the resultant of multiple etiologic factors, 
among which is a constant interaction of various 
neurogenic and humoral pressor mechanisms. Thio- 
cyanate probably regulates the humoral factor. This 
concept is supported by observations that patients 
whose high levels of blood pressure were not con- 
trolled by thiocyanate therapy or sympathectomy 
separately, became susceptible to thiocyanate con- 
trol following the sympathectomy. The exact mode 
of action of thiocyanate is unknown but experi- 
mental work indicates that the drug acts on the 
thyroid, pituitary and adrenal glands. It is these 
humoral effects which may be responsible for its 
benefits. 

WENDKOS 


O’Hara, J. P., and Holden, R. B.: Longevity in 
Benign Essential Hypertension. J. A. M. A. 149: 
1453 (Aug. 16), 1952. 

The authors report a study of 100 patients with 
benign essential hypertension followed for 10 to 34 
years (average 17 plus years). Seventy-one per cent 
are still alive, and only five of these are in poor 
condition. Of these individuals 67 were women and 
33 were men. The age distribution at the time of 
discovery of hypertension ranged from 21 to 68 
years with an average of 45 years. This report indi- 
cates that essential hypertension may be com- 
patible with a relatively long and effective life. One 
must give this fact serious consideration in making 
prognoses and planning therapy, to avoid creating 
“blood pressure neurotics” and subjecting patients 
to difficult, expensive, prolonged, and often ineffec- 
tive treatment. 

KITCHELL 


Green, D. M., Saunders, F. J., Wahlgren, N., and 
Craig, R. L.: Self-Sustaining, Post-DCA Hyper- 
tensive Cardiovascular Disease. Am. J. Physiol. 
170: 94 (July), 1952. 

In a large series of rats, 20 mg. pellets of desoxy- 
corticosterone acetate produced _ self-sustaining 
hypertensive cardiovascular disease after approxi- 
mately three months. Pathologic manifestations 
included renal hypertrophy, progressive cardiac 
enlargement and a generalized thickening of arte- 
rioles chiefly in the muscular coat. The average 
mean blood pressure was 180 to 220 mm. Hg. 
Ixchange of water and sodium was normal. The 
hypertension involves a nervous final path but does 
not require adrenal, thyroid, parathyroid, or gonads. 


The pituitary is probably an intermediary. The 
kidney is essential. Sodium and potassium restric- 
tion do not lower the elevated blood pressure. It is 
concluded that the type of hypertension produced 
in these experiments resembles the kind of human 
hypertension in which the maintenance of the ele- 
vated blood pressure does not demand the presence 
of the adrenals. 
OPPENHEIMER 


PATHOLOGIC PHYSIOLOGY 


Ball, J. D., Kopelman, H., and Witham, A. C.: 
Circulatory Changes in Mitral Stenosis at Rest 
and on Exercise. Brit. Heart J. 14: 363 (July), 
1952. 

The Hamilton dye method was used to study the 
cardiac output, mean circulation time and intra- 
thoracic blood volume in 16 patients with mitral 
stenosis and in nine normal individuals used as 
controls. The patients with mitral stenosis could be 
separated into three groups. 

Group I: Individuals with normal sinus rhythm, 
slight, if any, cardiac enlargement and no previous 
or present failure. The resting cardiac output and 
mean circulation time were normal and exercise 
raised the cardiac output to normal levels. Group 
II: Individuals with auricular fibrillation, cardiac 
enlargement and a recent history of cardiac failure. 
The resting cardiac output and mean circulation 
time were normal. Exercise increased the intra- 
thoracic blood volume, the mean circulation time, 
and the cardiac output. Group III: Severely inca- 
pacitated individuals. The resting cardiac output 
was low and the mean circulation time prolonged. 
Exercise produces little increase in cardiac output 
and a fall in stroke output. The intrathoracic blood 
volume increased and the circulation time decreased 
or remained unchanged. 

SOLOFF 


Parkins, W. M., Perlmutt, J. H., and Vars, H. M.: 
Evaluation of Crystalloidal Solutions in Hemor- 
rhaged Dogs. Am. J. Physiol. 170: 351 (Aug.), 
1952. 

Hemorrhagic shock was produced in dogs. The 
best response was produced by intravenous physio- 
logic sa!ine to the extent of 8 to 12 per cent of body 
weight. Although larger amounts of saline per- 
mitted a greater bleeding volume index the presence 
of edema indicated that the quantity used was 
excessive. Following a period of hypotension, saline 
was less effective than in mild shock. Saline by 
mouth was not significantly better than no treat- 
ment because of circulatory failure following 
hemorrhage. Glucose did not prove as good as 
saline in mild shock. At the end of three hours 
intravenous saline and water or saline by mouth 
produce an effect equal to that of two to three 
volumes of saline by vein. It is pointed out that 
absorption of oral fluids is erratic and that aspira- 
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tion is a danger. Either of these would contraindi- 
cate large quantities of oral fluids. 
OFrpENHEIMER 


Berlin, N. I., Hyde, G. M., Lawrence, J. H., Par- 
sons, R. J., and Port, S.: The Blood Volume in 
Pre-eclampsia As Determined with P* Labeled 
Red Blood Cells. Surg., Gynec. & Obst. 94: 21 
(Jan.), 1952. 

Previous investigators had found that there was 
a significant reduction in the plasma volume of the 
pre-eclamptic patient. These determinations had 
been made using vital red dye and T-1824 dye 
methods. 

In this study the blood volume and red cell 
volume were determined in eight women with pre- 
eclampsia with P**-labeled red blood cells by a 
modification of the method of Hervesy and Zerahn. 
These patients were all in the last trimester of 
pregnancy and were in the pre-eclamptic state. 

Similar determinations on 47 women in the last 
trimester of pregnancy but in the absence of pre- 
eclampsia revealed that the average blood volume 
was 72.8 cc. per kilogram of body weight; the 
total red cell volume 24.7 cc. per kilogram, and the 
plasma volume 47.5 ec. per kilogram. The eight 
pre-eclamptic women showed an average reduction 
of 26 per cent in the total blood volume, 16 per cent 
in the total red cell volume, and 31 per cent in the 
plasma volume. 


Therefore in the pre-eclamptic state the general 
finding is an anemia and a low plasma volume. 
FROBESE 


Van Bogaert, A., Van Genabeck, A., Nyssens, H., 
Van der Henst, H. and Vandael, J.: Morphology 
of the Pulmonary “Capillary” Pressure. Arch. 
mal. coeur 45: 673 (Aug.), 1952. 

A description and analysis is presented of normal 
and abnormal curves-of the capillary venous pulse 
in dogs and in man. Tracings obtained by occluding 
catheterization of a terminal branch of a pulmonary 
artery have the characteristics of a venous pulse. In 
a normal curve there are two summits of which the 
first consists of three small waves (a, b and c) and 
the second of a single wave, d. The a wave is pri- 
marily due to alterations of left auricular pressure 
while b and ¢ reflect variations of its volume; the d 
wave records, under normal conditions, both volume 
and pressure variations and is produced by the 
pulsation of the pulmonary artery transmitted to 
the capillaries through the lung tissue. 

The important part of the pulmonary venous 
capillary curve is the segment between its main 
summits corresponding to the presystolic phase of 
ventricular contraction. This segment, termed 
‘‘vs,” is influenced by two factors acting in opposite 
directions. Left auricular emptying tends to depress 
the curve while the onset of ventricular contraction 


tends to elevate it. Depending on the predominance 
of either of these two factors the vs segment forms a 
normal negative wave or an abnormal positive de- 
flection, which often is superimposed on the follow- 
ing d wave. Such a positive vs wave can be found 
under various pathologic conditions associated with 
elevation of the end-diastolic pressure in the left 
atrium, one of which is mitral insufficiency. 
Pick 


Facquet, J., Lemoine, J. M., Alhomme, P., and 
Lefebvre, J.: Measuring of Left Auricular Pres- 
sure by a Transbronchial Method. Arch. mal. 
coeur 45: 740 (Aug.), 1952. 

A method is described to record left auricular 
pressures by puncturing the chamber through a 
bronchoscope introduced into the left main bron- 
chus. With certain precautions the method proved, 
in the experience of the authors simple and safe. 
The technic used is described in detail. 

The operation was performed on 10 patients 
with enlargement of the left auricle mostly due to 
mitral disease. The range of obtained values was 
between 280 and 530 mm. water which corresponds 
to the elevated values usually recorded during 
mitral surgery. In one case transbronchial pressure 
recording could be compared with values obtained 
by direct puncture of the auricle before com- 
missurotomy and the two data were in close agree- 
ment (420 and 440 mm. water respectively). Eleva- 
tion of left auricular pressure was also found in two 
cases with mitral insufficiency, who at x-ray exam- 
ination showed only moderate enlargement of this 
chamber. 

Pick 


Beck, G. J., Seanor, H. E., Barach, A. L., and 
Gates, D.: Effects of Pressure Breathing on 
Venous Pressure; a Comparative Study of Posi- 
tive Pressure Applied to the Upper Respiratory 
Passageway and Negative Pressure to the Body 
of Normal Individuals. Am. J. M. Se. 224: 169 
(Aug.), 1952. 

Positive pressure breathing was produced by 
means of mask or dome during which venous pres- 
sure measurements were made and compared with 
similar data accumulated during a period of nega- 
tive pressure breathing in a tank respirator. The 
venous pressure responses under these two condi- 
tions were found to be similar and varied according 
to the mean pressure applied. In conditions of cir- 
culatory failure, using the tank respirator, an in- 
crease in ventilation may be produced by adding 
intra-tank positive expiratory pressure to the intra- 
tank negative inspiratory pressure. In asthmatic 
states, the tank respirator affords a relief of dyspnea 
similar to that resulting from the use of positive 
pressure breathing by mask or dome. 

SHUMAN 
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Wynn, A., Matthews, M. B., McMillan, I. K. R., 
and Daley, R.: The Left Auricular Pressure 
Pulse in Normals and in Mitral Valve Disease. 
Lancet 2: 216 (Aug. 2), 1952. 

At thoracotomy the recordings of left auricular 
pressures were made by means of an electromanom- 
eter (Sanborn) in individuals with normal hearts 
and in those with mitral valve disease both before 
and after mitral valvulotomy. The normal pressure 
curves resembled those in the right auricle except 
for a greater pressure rise late in ventricular systole. 
In mitral valve disease with sinus rhythm the form 
of the pressure pulse resembled the normal but the 
absolute pressure levels were higher. Mitral regur- 
gitation produced no change in the pressure pulse 
recording which was not observed in subjects con- 
sidered to have mitral stenosis alone. 

McKvusick 


Brown, G. W., Brown, M. L., and Hines, H. M.: 
Effect of Experimental Concussion on Blood 
Flow, Arterial Pressure and Cardiac Rate. Am. 
J. Physiol. 170: 294 (Aug.), 1952. 

As a result of experimental concussion in anes- 
thetized and unanesthetized dogs corneal reflexes 
are lost, respiration is arrested, arterial blood 
pressure increases, blood flow through the common 
carotid artery increases and cardiac arrhythmias 
develop. All cardiovascular changes are short lasting 
(within 15 minutes). The opinion is expressed that 
“loss of consciousness” seen in clinical concussion is 
not due to a decreased cerebral blood flow. 

OPPENHEIMER 


Moss, W. G.: The Effect of Anesthesia Upon 
Adrenergic Blockade. Science 116: 151 (Aug. 8), 
1952. 

This is a comparative study on anesthetized and 
unanesthetized animals using epinephrine and nor- 
epinephrine as constricting agents, and using 
6-chloroethylamine and an_ ergot preparation 
(D.H.O. 180) as blocking agents. It was found that 
both of the latter compounds are effective in reduc- 
ing the degree of constriction produced by the test 
compound in the anesthetized animal; however, 
trained unanesthetized animals showed little adren- 
ergic blockade effect. 

WaAIFE 


Henry, E. W.: The Small Pulmonary Vessels in 
Mitral Stenosis. Brit. Heart J. 14: 406 (July), 
1952. 

The small pulmonary arteries, arterioles, venu! + 
and small veins were studied histologically in 1ud 
instances of mitral stenosis and in 70 controls to 
determine the changes, if any, produced by mitral 
stenosis. Forty per cent of those with mitral stenosis 
showed muscularization of the pulmonary arterioles 
which was more frequent in those dying under 41 


years of age. Fibrous thickening, on the other 
hand, was found equally in the younger and older 
individuals with mitral stenosis and in the older 
control group. Intimal thickening of the small 
arteries was likewise seen equally in the mitral 
stenotic and control group. Internal thickening of 
the small veins was seen in both groups but more 
strikingly and more frequently in the mitral group. 

The author believes that the increased muscu- 
larity may help maintain pulmonary hypertension 
and that the resistance to muscularization probably 
disappears after valvulotomy. 

SOLOFF 


Williams, W., Whisnant, C., and Fitts, W. T., Jr.: 
Effect of Adrenalectomy on Experimental Renal 
Hypertension in the Dog. Am. J. Physiol. 170: 57 
(July), 1952. 

The role of partial or total adrenalectomy was 
studied in canine renal hypertension produced by 
spraying the aplastic, butyl methacrylate polymer, 
over each capsule. Partial adrenalectomy (87-97 
per cent) did not significantly reduce the hyperten- 
sion. Complete adrenalectomy permitted mainte- 
nance of normal pressures up to 44 days when 
cortisone and desoxycorticosterone acetate were 
used. 

OPPENHEIMER 


Mithoefer, J. C.: Increased Intracranial Pressure 
in Emphysema Caused by Oxygen Inhalation. 
J. A. M. A. 149: 1116 (July 19), 1952. 

Because respiratory depression followed by de- 
lirium and coma may develop in patients with 
chronic pulmonary emphysema while they are 
receiving oxygen therapy, the author studied three 
normal subjects and four patients with chronic lung 
disease in an effort to determine the mechanism of 
the production of this phenomenon. During the 
study, the subject lay on his left side with an 
indwelling needle in the brachial artery. A lumbar 
puncture needle was inserted so that spinal fluid 
pressures could be recorded every 30 seconds 
throughout the procedures. The patient breathed 
through a rubber mouth piece attached to a three- 
way valve by which connection could be made 
either to 100 per cent oxygen or to room air. A 
kymograph recorded the respiratory excursions. At 
appropriate intervals arterial blood samples were 
drawn with care so that oxygen was excluded and 
was stored in ice until analyzed for oxygen and 
carbon dioxide in the Van Slyke manometric ap- 
paratus. It was found that the inhalation of carbon 
dioxide by normal subjects increases the spinal 
fluid pressure through cerebral vasodilatation. In 
two of the patients with pulmonary emphysema, 
oxygen inhalation resulted in respiratory depression, 
carbon dioxide retention and increased intracranial 
pressure. The possible mechanisms for the produc- 
































tion of this sequence of events and the mental 
changes in these patients are discussed. It appears 
that occasional periods of hyperventilation during 
oxygen therapy will prevent the development of 
these undesirable effects. 


KITCHELL 


PATHOLOGY 


Fulton, R. M., Hutchinson, E. C., and Jones, A. M.: 
Ventricular Weight in Cardiac Hypertrophy. 
Brit. Heart J. 14: 413 (July), 1952. 

The author describes a technic for dividing the 
heart into the free right ventricular wall, the free 
left ventricular wall and the septum. He gives the 
range of weights for these portions of 202 normal 
hearts. Because in acquired heart disease, the 
septum is not greatly increased except in the pres- 
ence of left ventricular hypertrophy, he considers 
the free wall of the left ventricle and the septum 
together. 

The heart may be classed as normal if (a) the 
total ventricular weight is less than 250 Gm. (b) the 
free wall of the right ventricle weighs less than 65 
Gm. (c) the left ventricle and septum together 
weigh less than 190 Gm., and (d) the ratio L + S/R 
lies between 2-3:i and 3-3:1. 

SOLOFF 


Cudkowicz, L., and Armstrong, J. B.: Injection of 
the Bronchial Circulation in a Case of Transposi- 
tion. Brit. Heart J. 14: 374 (July), 1952. 
lie gross findings after injection of the bronchial 

arteries with a radio-opaque medium and the 
microscopic findings are described in a three year 
old child with a transposed pulmonary trunk, right 
sided aorta and ventricular septal defect who died 
following a Blalock operation. The bronchial arteries 
were hypertrophied. A network of very fine arte- 
rioles, filled with the injection material, was noted 
to course across the adventitia of the pulmonary 
arteries. These were thought to be vasa vasorum 
derived from the bronchial arteries. Anastomoses 
were present between the vasa vasorum and the 
pulmonary arteries. 

The authors suggest that the pulmonary vascular 
capacity is at its maximum and that operative 
attempts to increase pulmonary blood flow may be 
contraindicated. 

SOLOFF 


Stofer, B. E., and Hiratzka, T.: Determination of 
Weight of Cardiac Ventricles. Am. J. Clin. Path. 
22: 737 (Aug.), 1952. 

Estimates of hypertrophy or atrophy based on 
measurements of the thickness of the ventricular 
wall are at best only rough approximations and are 
seriously in error in the presence of dilatation, 
extensive scarring or contraction that persists after 
death. The heart is removed by severance of the 
great vessels at the point of passage through the 
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pericardium. Transverse incisions, 1 em. apart, are 
made in order from apex to base. The standard 
right ventricular segment is defined as the combined 
weights of the right ventricular rings obtained by 
this method of dissection. Likewise the standar 
left ventricular segment is the combined weight o 
the left ventricular rings. They found that th 
combined mean weight of male segments is 181.6! 
Gm. and that this is 59.08 per cent of the mea 
total weight. The smaller female hearts had 
combined mean ventricular segmental weight o 
146.14 Gm. This is 59.7 per cent of the mean tota 
weight. For practical purposes the ratio may b 
taken as 1.9 for both sexes. The ratio agrees closel; 
with the ratios obtained by others using mor 
complicated methods. 

BERNSTEIN 


PHARMACOLOGY 


McCubbin, J. W., and Page, I. H.: Influence of 
Carotid Sinus and Aortic Buffer Reflexes and 
Tetraethylammonium Chloride on Vascular Re- 
activity to Augcotonin and Renin. Am. J. Physiol. 
170: 309 (Aug.), 1952. 

As the result of these studies the authors conclude 
that elimination of carotid sinus buffer nerve reflexes 
when tetraethylammonium chloride is injected 
produces an increased sympathetic outflow. This in 
turn produces hypertension and modifies vascular 
reactivity. Responses to Augecotonin are increased 
and tetraethylammonium chloride has a_ pressor 
action. The mechanism of sensitization is unknown. 
Elimination of vagal cardio-inhibitory reflexes and 
neurogenic vasomotor tone play only minor roles. 

OPPENHEIMER 


Peters, G. A., Prickman, L. E., Koelsche, G. A., 
and Carryer, H. M.: Smoking and Asthma. 
Proc. Staff Meet., Mayo Clin. 27: 329 (Aug.), 
1952. 

No patient who has asthma should smoke. Smoke 
of any type is irritating, not soothing, to mucous 
membranes. Smoking induces cough, bronchitis and 
bronchospasm, which are nature’s warning to avoid 
or to expel the irritating effects of smoke. Likewise, 
any temporary benefit that patients derive from 
smoking so-called asthma cigarettes or burning 
powders which contain stramonium or nitrates, is 
nullified by the deleterious effect of the smoke itself, 
which aggravates the patients’ bronchitis. All pa- 
tients with asthma have some degree of bronchitis. 
Most asthmatic persons have considerable bron- 
chitis, as evidenced by inflamed, red swollen mucous 
membranes, covered with protecting mucus, and 
associated with some degree of bronchospasm. Such 
inflamed membranes are extremely sensitive to such 
irritants as dust, smoke, fumes, cold air, and strong 
odors. 

Some patients who have asthma are advised to 
continue smoking because cutaneous tests with 
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tobacco antigen give negative results. The mere 
‘act that results of tests for allergy to tobacco 
roducts are negative is no criterion whatever that 
he patient with asthma can tolerate smoking. 
The best possible regimen for the relief of chronic 
sthma may fail if the patient is allowed to continue 
moking. 
SIMON 


3ingham, D. L. C.: Intra-Arterial Transfusion. 

Lancet 2: 157 (July 26), 1952. 

Experience with the use of intra-arterial trans- 
usion in over 100 surgical cases is referred to. Air 
mbolism was not encountered as a complication. 
for the purpose of the transfusion a cannula was 
laced in either the dorsalis pedis or the radial 
urtery. Two patients developed ischemia of the 
radial side of the hand which was overcome by 
stellate ganglion block in one case but resulted in 
loss of the terminal phalanx of the index finger in 
the other. At least six lives were se 2d including, 
for example, an instance of rupture of a: atheroma- 
tous pulmonary artery during pneumonectomy. The 
author is impressed with the value of the method. 

McKusick 


Bakos, A. C., and Askey, J. M.: Fever Due to 
Procaine Amide Hydrochloride Therapy. J. A. 
M. A. 149: 1393 (Aug. 9), 1952. 

An instance of fever, chills, rash and malaise 
following oral administration of procaine amide 
hydrochloride is reported. Cessation of the dosage 
of the procaine amide restored temperature to 
normal within 24 hours with dramatic improvement. 
Two days later procaine amide therapy was started 
again and within six hours the patient’s tempera- 
ture had risen; he was nauseated, irritable and de- 
pressed. Cessation of the dosage again cleared the 
symptoms. After five days procaine amide was again 
resumed, and after the third dose the patient 
recognized the effect of the drug and the entire 
chain of symptoms returned promptly. 

KITCHELL 


Hellman, E.: Allergy to Procaine Amide. J. A. M. A. 

149: 1393 (Aug. 9), 1952. 

A 53 year old man was given procaine amide 
orally because of auricular premature contractions 
arising after an acute anteroseptal myocardial 
infarction. After the third oral dose a generalized 
maculopapular erythematous rash developed, ac- 
companied by severe itching, nasal congestion, 
generalized adenopathy, and a fever of 102 F. 
Cessation of procaine amide and the use of Benadryl 
was followed by complete subsidence of all symp- 
toms within 24 hours. Three months later he was 
tested by dosage of 250 mg. of procaine amide every 
four hours. Following the fourth dose the identical 
clinical picture noted above developed, which again 
promptly responded to the same treatment. 

KITCHELL 


Pugh, R. C. B., Pickering, G. W., and Blacket, 
R. B.: The Production of Vascular Lesions and 
Cardiac Hypertrophy by Infusions of Renin and 
Noradrenaline in the Rabbit. Clin. Sc. 11: 241 
(Aug.), 1952. 

The authors describe the anatomic changes found 
in the heart and arteries of rabbits made hyperten- 
sive by intravenous infusions of renin and _ nor- 
adrenaline. They have reported in previous publica- 
tions that noradrenaline and adrenaline, alone or in 
combination, did not maintain hypertension for 
more than a few days; whereas renin, infused for as 
long as 18 days, resulted in sustained hypertension. 
No acute arterial lesions were found in rabbits 
whose kidneys were intact. In two rabbits in which 
subtotal nephrectomy was followed by renin infusion 
acute arterial necroses were found in the gut. 
Arterial lesions were not present in animals which 
had had subtotal nephrectomy but had not received 
renin. Cardiac hypertrophy was found in animals 
which were made hypertensive, even in those which 
were hypertensive for a short time as a result of 
receiving noradrenaline. Microscopic evidence of 
embolism in the viscera was found in all the animals 
which were infused, regardless of the character of 
the infusion. This was considered to be a consequence 
of the experimental technic. The authors conclude 
that arterial lesions are produced not by renin, per 
se, but by hypertension of sufficient degree. 

ENSELBERG 


Masson, G. M. C., Corcoran, A. C., Dustan, H., 
and Page, I. H.: Cardiovascular and Metabolic 
Effects of Cortisone, Hydrocortisone and other 
Steroids in the Rat. Am. J. M. Sc. 224: 175 
(Aug.), 1952. 

Animals subjected to unilateral nephrectomy and 
maintained on 1 per cent sodium chloride solution 
as drinking water developed hypertension following 
the administration of desoxycorticosterone acetate 
(DCA). Lesser degrees of hypertension occurred in 
animals given cortisone and hydrocortisone. When 
the latter compounds were given with desoxy- 
corticosterone acetate, the onset of hypertension 
was accelerated. The toxic effects of cortisone and 
hydrocortisone appear when they are administered 
simultaneously with desoxycorticosterone acetate. 
The animals receiving these agents developed lung 
abscesses, pericarditis, hematuria, anasarca, cachexia 
and a high mortality. Within the kidneys of these 
animals there was noted a deposit of homogeneous 
material within the glomeruli; similar changes were 
observed in the myocardium. The material described 
was thought to represent a polysaccharide-contain- 
ing protein deposited from the transudation of 
plasma proteins into these areas. The urinary output 
of formaldehydogenic corticoids was measured over 
24 hour periods and was found to be elevated only 
during those periods wherein two steroid compounds 
were given concurrently. The thiobarbituric acid 
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indexes used to measure steroid hormone activity 
were not strikingly altered. While cortisone and 
hydrocortisone were found to increase DCA hyper- 
tension, lipoadrenal extract, pregnenetriolone, and 
progesterone did not alter the course of hyper- 
tension. 

SHUMAN 


Soffer, L. J., and Bader, R.: Corticotropin and 
Cortisone in Acute Disseminated Lupus Erythe- 
matosus. J. A. M. A. 149: 1002 (July 12), 1952. 
The report is concerned with the results of a pro- 

longed study of a group of 18 patients (12 female 

and 6 male) with acute disseminated lupus erythe- 
matosus treated with corticotropin and cortisone 
and followed for 3 to 20 months thereafter. Of this 
group six have died and 12 are living, eight of 
whom are continuing with treatment. Adequate 
doses of corticotropin or cortisone caused prompt 
remission in fever, arthritis, pleuritis, pericarditis, 

Raynaud’s phenomenon, and the organic mental 

syndrome. The rash, mucous membrane lesions, 

retinal lesions, and serous effusions cleared more 
slowly. The lupus cells persisted despite a remission 
in the disease. Renal damage tended to persist. 

Despite the risks attendant on use of these drugs, 

they constitute the most effective agents yet avail- 

able for the treatment of this disease. It must be 
emphasized, however, that no actual cures result, 
although it is possible that some patients may be 
maintained in a state of remission for an indefinite 
period of time. 

KITCHELL 


Hejtmancik, M. R., and Herrmann, G. R.: A 
Clinical Study of Gitalin. Arch. Int. Med. 90: 
224 (Aug.), 1952. 

Gitalin was used in the initial digitalization of 49 
patients with cardiac decompensation, and the 
maintenance dosage was determined for 131 patients. 
The average digitalizing dose was 6.5 mg., but 
varied from 4.5 to 9.0 mg. The majority of patients 
were adequately maintained with 0.5 mg. per day, 
but a few required higher doses, and a very few, 
smaller doses. Equivalent doses of powdered digitalis 
leaf and digitoxin were shown to vary from patient 
to patient. Toxic effects generally resulted from 
deliberate increase in dosage and were similar in 
type to those noted from other preparations. In 22 
patients, the average minimal maintenance dose 
was 0.54 mg., and the average minimal toxic dose, 
0.91 mg. 

Improvement was noted in 15 of 18 patients with 
apparently refractory cardiac decompensation when 
treated with gitalin instead of other digitalis prep- 
arations. In nine of these improvement seemed 
definitely related to the change to gitalin, but the 
dosage had to be carefully adjusted. It is in the 
management of such apparently refractory cases 


ABSTRACTS 





that gitalin appears to offer a real advantage ove 
the other digitalis preparations. 
BERNSTEIN 


Bellet, S., Zeeman, S. E., and Hirsh, S. A.: Th 
Intramuscular Use of Pronestyl (Procaine amide 
Am. J. Med. 13: 145 (Aug.), 1952. 

The intramuscular injection of pronestyl gluconat 
or pronestyl hydrochloride produces little or n 
local reaction, provides satisfactory absorption . 
the drug, and is as efficacious as the oral and intr: 
venous routes of administration in the treatment « 
arrhythmias. Toxic effects are mild and compa: 
favorably with those following the oral use « 
Pronestyl. Severe hypotension occasionally followin: 
intravenous administration did not occur. Afte 
intramuscular injection the action of Pronesty] i 
more rapid than after oral use, but less rapid thar 
after intravenous use. Although the intravenous 
route may be used when an extremely rapid effec: 
is desired, the authors believe the intramuscula: 
injection is preferable for routine parenteral admin 
istration. 

Harris 


Gold, H., Greiner, T., Cattell, McKeen, Modell, 
W., Gluck, J.. Marsh, R., Mathes, S., Hudson, 
D., Robertson, D., Warshaw, L., Otto, H., Kwit, 
N., and Kramer, M.: Difference in the Relation 
of Cardiac to Emetic Actions in Oral and Paren- 
teral Digitalization. Am. J. Med. 13: 124 (Aug.), 
1952. 

Parenteral administration of digitalis preparation: 
produces more cardiac and less emetic effect than 
oral administration. Nevertheless, the results of this 
study do not justify replacing the oral by the 
parenteral route for routine digitalization, although 
they indicate the possibility that use of the oral 
route alone may have curtailed the therapeutic 
potentialities of members of the digitalis series and 
that supplementing the oral with intravenous dose 
may, in some cases, enhance the therapeutic results. 
The emetic response, commonly referred to as 
“systemic” in the conventional slow oral methods 
of digitalization, may not be “systemic” but the 
result of an action in the gastrointestinal tract. 

Harris 


Yu, P. N. G., Lovejoy, F. W., Hulfish, B., Howell, 
M. M., Joos, H. A., Tenny, S. M., Harontuian, 
L. M., and Evans, H. W.: Cardiorespiratory 
Responses and Electrocardiographic Changes 
during Exercise before and after Intravenous 
Digoxin in Normal Subjects. Am. J. M. Sc. 224 
146 (Aug.), 1952. 

Normal subjects were studied by means of the 
treadmill ergometer and electrocardiogram in orde: 
to determine the effect of digoxin upon the respira 
tory, ventilatory and cardiac changes induced b) 
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tlle exercise test. Following the performance of an 
exercise test, the subjects received intravenous 
digoxin (0.15 mg. per 10 Kg. body wt.) after which 
te test was repeated in one and one-half hours. 

No effect of digoxin was noted in ventilation, 
r-spiratory efficiency, oxygen consumption or blood 
pressure. Oxygen transport and oxygen debt were 
not significantly changed after digoxin. The usual 
e\ectrocardiographic alterations were noted consist- 
ing of a slowing of heart rate and a lowering of the 
amplitude of T waves, S-T segment depression and 
cecasional premature ventricular beats. The mech- 
anism of production of electrocardiographic abnor- 
malities is unknown but may be related to a dis- 
turbance in oxygen extraction and utilization by 
the myocardium. 

SHUMAN 


Aaron, R. S., and Weston, R. E.: Outpatient Treat- 
ment of Congestive Heart Failure With Sodium- 
Removing Exchange Resins. Arch. Int. Med. 90: 
182 (Aug.), 1952. 

With adequate clinical and laboratory safe- 
guards, sodium-removing resins are effective in the 
treatment of congestive heart failure. In eight 
patients, edema previously resistant to other forms 
of therapy was reduced, while the need for mercurial 
drugs was diminished or eliminated. Dyspnea and 
other symptoms of congestive heart failure were 
markedly alleviated, enabling the patients to live a 
more normal and active life. 

Serum electrolyte determinations before and 
during ion-exchange-resin therapy are extremely 
important for the proper management of the 
cardiac patient. Dangerous complications may be 
avoided by following the serum carbon dioxide and 
chioride levels which will give an estimate of the 
serum sodium concentration, as well as the degree 
of acidosis. The frequency of these determinations 
should depend upon the patient’s response to the 
resin. When renal pathology is suspected, or in 
persons of the old age groups, more frequent serum 
electrolyte analyses should be performed. In the 
absence of laboratory facilities, extremely careful 
clinical supervision is essential. Most cardiac pa- 
tients treated with the ion-exchange resin by the 
average physician probably will be in less severe 
congestive heart failure and under less rigid sodium 
estriction than were the patients in this study. In 
such circumstances, electrolyte abnormalities are 
‘ess likely to occur, but still better management is 
»ossible with chemical control. 

It should be emphasized that there can be no 
‘outine treatment with ion-exchange resin. The 


-lose, schedule, and duration of therapy, like the 


requency of electrolyte determinations, must de- 
vend upon the clinical condition and response of the 
ndividual patient. 

BERNSTEIN 


Shapiro, E., Weiner, H., and Bernstein, J. L.: The 
Usefulness of Intravenous Lanatoside C in 
Paroxysmal Ventricular Tachycardia Not Due to 
Myocardial Infarction. Permanente Found. M. 
Bull. 10: 27 (Aug.), 1952. 

Noncoronary paroxysmal ventricular tachycardia 
is defined as ventricular tachycardia that is not 
initiated by acute myocardial infarction or digitalis 
poisoning. It is considered less dangerous because, 
although the rapid rate maintained over a sufficient 
length of time can cause congestive heart failure 
even in a normal heart, it is not known to be fol- 
lowed by lethal ventricular fibrillation. In cases of 
noncoronary paroxysmal ventricular tachycardia 
where quinidine and procaine amide do not abolish 
the arrhythmia, lanatoside C intravenously may be 
used effectively and without danger. It is generally 
denied that digitalis can convert ventricular tachy- 
cardia to sinus rhythm. They believe their observa- 
tions refute this statement. The exact action whereby 
digitalis operates in these cases is not evident. Al- 
though it might be assumed that the vagotropic 
action of digitalis would be the effective factor, 
vagal fibers have never been demonstrated in 
ventricular muscle or septum. 

BERNSTEIN 


Lenel, R., and Bolomey, A. A.: A Review of the 
Clinical Uses of Veratrum Alkaloids. Permanente 
Found. M. Bull. 10: 39 (Aug.), 1952. 

Veratrone has been incorporated into the routine 
management of the late toxemias of pregnancy at 
Permanente Hospital since 1947. A salt free diet, 
magnesium sulfate and hypertonic glucose adminis- 
tration are correlary measures. Emphasis is placed 
on early and energetic treatment of pre-eclampsia 
with Veratrone. Under this program only two cases 
of eclampsia, both mild in degree, have occurred in 
a total of 7,781 deliveries. It is felt that these gratify- 
ing results are to a large measure due to the use of 
Veratrum viride. It would appear that Veratrum 
alkaloids have a definite place in the treatment of 
late toxemias of pregnancy. By decreasing the 
blood pressure one can stop the convulsions. This 
aim can almost invariably be achieved with Vera- 
trum viride. No evidence of serious side reactions 
and no well documented instance of sustained 
oliguria can be found in the available literature. 

The treatment of chronic hypertension by all 
regimens so far employed, has left the clinician in a 
discouraging situation. It is evident that the solu- 
tion for cure of essential hypertension must come 
from the laboratory by studies aimed at elucidating 
the etiologic factors responsible for the syndrome. 
Until this aim has been attained the treatment of 
essential hypertension must be directed along 
palliative lines. Though, in the present forms, the 
oral use of Veratrum viride is beset with many 
difficulties, it is apparent that it is one of the most 
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effective agents now available for lowering the blood 
pressure of hypertensive subjects. 
BERNSTEIN 


Bolomey, A. A., and Lenel, R.: Clinical Experiences 
with Veratrum Alkaloids (Veriloid) in the Pro- 
longed Treatment of Essential Hypertension. 
Permanente Found. M. Bull. 10: 57 (Aug.), 1952. 
A group of 56 ambulatory hypertensive patients 

were treated with Veriloid by mouth for from 5 to 

48 weeks. 

Objective improvement as determined by a sig- 
nificant and consistent fall in blood pressure, reduc 
tion in heart size, improvement of electrocardio- 
graphic changes, and decrease in hypertensive 
retinopathy, was not observed despite prolonged 
administration of highest tolerated doses using the 
blind test and placebos. 

Side reactions were common and prevented the 
administration of effective doses as measured by 
objective means in ambulatory patients. 

Improvement of symptoms attributable to hyper- 
tensive disease was expressed by 23 patients. 

BERNSTEIN 


Bolomey, A. A., and Lenel, R.: The Pressor Action 
of Atropine in Veratrum Alkaloid (Veriloid) 
Induced Hypotension. Permanente Found. M. 
Bull. 10: 69 (Aug.), 1952. 

The effect of atropine on Veriloid induced hypo- 
tension has been studied in 40 tests on 14 hyperten- 
sive subjects. Atropine invariably produces a 
marked pressor effect when given to patients with 
pulse rates of not more than 50 beats per minute 
provided the postatropine pulse rate increased by 
more than 10 beats per minute. Changes in cardiac 
output and an increase in peripheral resistance are 
suggested as explanation for this observation. 

The clinical importance of these findings is 
stressed. 

BERNSTEIN 


Phillips, E.: Failure of Veriloid To Control Hyper- 
tension: Study of 30 Clinic Patients. Permanente 
Found. M. Bull. 10: 82 (Aug.), 1952. 
Twenty-four female patients and six male patients 

with long standing hypertensive disease were treated 

as outpatients with oral Veriloid. Two patients 
showed some drop in blood pressure but no other 
evidence of improvement. Both of these patients 
were forced to discontinue this medicine because of 
toxic symptoms. Twenty-one of the 30 patients 
studied had significant toxic symptoms due to the 

Veriloid therapy. It is concluded that oral Veriloid 

therapy is of little or no value in the ambulatory 

treatment of hypertension. 
BERNSTEIN 


Friedman, S. M., Friedman, C. L., and Nakashima, 
M.: Inhibition of Cardiovascular-Renal Effects of 
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DCA by Pitressin. Am. J. 

(Aug.), 1952. 

One hypothesis for the hypertension of re al 
origin is that it results from failure of the kid) oy 
to eliminate or detoxify a pressor agent. In { jis 
paper pitressin is investigated for its effect in 
inhibiting the hypertensive action of desoxyco ti- 
costerone acetate. It has previously been establis! ed 
that these two substances have opposite actions on 
the retention of sodium. Moreover, the hyperten: ve 
effect of desoxycorticosterone acetate is clos ‘ly 
related to the amount of available sodium. Aque .us 
pitressin (0.6-3.0 U per day) subcutaneously 5p- 
posed the hypertensive action of desoxyco ti- 
costerone acetate. Aqueous pitressin was effective | 
either simultaneously or following desoxyco ti- 
costerone acetate. Pitressin tannate in oil agegra- 
vated the cardiovascular-renal effects of desoxy- 
corticosterone acetate. 


Physiol. 170: 270 
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Masuoka, D. T., Berman, D. A., and Saunders, 
P. R.: Metabolism of Heart in Relation to Drug 
Action. VII. Energy Sources for the Isolated 
Electrically-Driven Rat Ventricle Strip. Am. J. 
Physiol. 170: 301 (Aug.), 1952. 

The authors investigated the ability of certain 
substrates to increase the amplitude of contraction 
of substrate-depleted rat ventricle strips. At pH 7.6 
glucose was most effective although pyruvate, 
lactate and acetate gave some improvement. At 
pH 7.6 citrate, succinate, malate and oxalacetate 
produced no recovery. However, at pH 6.2 pyruvate, 
succinate, malate and oxalacetate did improve con- 
traction. The metabolic inhibitor iodoacetate pre- 
vented stimulation by glucose but not by pyruvate. 
Malonate blocked stimulation by succinate. Malo- 
nate alone depresses at first but final activity may 
be greater than control values. There was evidence 
that the degree of recovery of amplitude caused by 
a substrate and the amount of relaxation of muscle 
were directly related. 





































OPPENHEIMER 






Taylor, R. D., and Page, I. H.: The Origin and 
Properties of a Cerebral Pressor Substance. 
Am. J. Physiol. 170: 321 (Aug.), 1952. 

The sympathetic nervous system was blockaded 
with benzodioxane and Priscoline. These rendered 
dogs irresponsive to pressor actions of adrenaline 
and noradrenaline. Electrical stimulation of the 
central end of afferent nerves produces elevations 
in blood pressure which are not prevented by 'e- 
moval of cerebral hemispheres, cerebellum, pitiii- 
tary, adrenal glands or section of the pituitary 
stalk. Total lumbodorsal sympathectomy, section 
of splanchnic or carotid sinus nerves did not preve tt 
the response. The authors consider that visce!.l 
afferents are concerned. A cerebral pressor substan 'e 
is thought to be released into the circulation unc:r 
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the conditions of these experiments. It is not 
inibited by renin tachyphylaxis. It is augmented 
by tetraethylammonium chloride ganglionic block- 
ace. Apresoline, Veratramine and Veraloid inhibit 
th> response. 

OPPENHEIMER 


Firquhar, H. G.: Paroxysmal Tachycardia in In- 
fancy. Arch. Dis. Childhood 27: 401 (Aug.), 1952. 
Though in older children infections and digitalis 

poisoning are often associated with paroxysmal 

tachycardia, in infancy, in the majority of cases, 
no underlying cause can be found. A congenital 
defect of the heart, however, is not a rare finding. 

Tere are four varieties of paroxysmal tachycardia: 

supraventricular, auricular and nodal; auricular 

fibrillation; auricular flutter; and _ ventricular 
paroxysmal tachycardia. All these varieties have 
occurred in young children. The great majority of 
cases, however are supraventricular in origin. In 
infants the extreme rapidity of the heart rate leads 
to progressive heart failure. As opposed to experi- 
ence with older children and adults, physical 
methods of bringing the attack to an end are very 
rarely successful. Drug therapy is usually required 
and the consensus of opinion favors digitalis. 

BERNSTEIN 


PHYSIOLOGY 


Lawson, H. C., Cantrell, W. F., Shaw, J. E., Black- 
burn, D. L., and Adams, S.: Measurement of 
Cardiac Output in the Dog by the Simultaneous 
Injection of Dye and Radioactive Red Cells. 
Am. J. Physiol. 170: 277 (Aug.), 1952. 
Simultaneously determined cardiac outputs by 

the flow-dilution volume of the dye T-1824 and 

radioactive red cells differed by less than 7 per cent. 

The authors conclude from this that the dye loss in 

its primary passage through the lungs is insignif- 

icant. If dye is lost from plasma in passage through 
the lungs erroneously high values for cardiac output 
would result. Circulation time for dye was greater 
than for tagged cells. These differences are incom- 
patible with all the assumptions which have been 
made in calculating pulmonary blood volume from 
flow and clearance rate data after the injection of 
one substance. The authors calculated lung plasma 
volume (dye) and lung cell volume (tagged red 
cells) separately. The cell to plasma ratio of pul- 
monary blood based on these values was always 
lower than that found in the arterial circulation. 
OPPENHEIMER 


DeWardener, H. E., and Miles, B. E.: The Effect 
of Hemorrhage on the Circulatory Autoregulation 
of the Dog’s Kidney Perfused in Situ. Clin. Sc. 
11: 267 (Aug.), 1952. 

It is known that the kidney in animals has the 
aility to maintain an almost constant blood flow 
d:spite changes in perfusion pressure. For example, 


little change in renal blood flow has been found in 
the dog’s kidney perfused in situ at pressures be- 
tween 80 and 180 mm. Hg. The authors described 
two technics for perfusing in situ the dog’s kidney, 
using variable pressures and measuring renal flow 
by a flow meter. They corroborated previously 
reported observations that autoregulation (con- 
stancy of renal blood flow during changes in per- 
fusion pressure) exists. However they noted that 
after some hours of perfusion autoregulation may 
disappear. More striking was the quicker deteriora- 
tion of autoregulation following sudden massive 
hemorrhage. This was associated with renal vaso- 
constriction, which preceded the loss of autoregula- 
tion. The authors believe that the vasoconstriction 
is not the chief factor responsible. 
ENSELBERG 


Chester, S. T., Naffziger, H. C., Fisher, C., Rothen- 
berg, S., and McCorkle, H. J.: The Effect of 
Stimulation of the Lower Intrathoracic Portion of 
the Vagus Nerve on the Cardiovascular System 
of Dogs. Surg., Gynec. & Obs. 94: 23 (Jan.), 
1952. 

This investigation was stimulated by reports of 
death during or following the operation of vagotomy 
for peptic ulcer. The possibility that they might 
have been due to vagal reflexes brought on by 
stimulation of the lower intrathoracic vagi was 
considered. 

The vagus nerves of 15 dogs were exposed and 
the portions between the hilus of the lung and the 
diaphragm were subjected to traction electrical 
stimulation and cutting or crushing. Also the efficacy 
of certain drugs in the alteration of the effects of 
these stimuli were observed. 

The interesting findings were as follows: Stimula- 
tion of the lower intrathoracic vagi always caused a 
measurable increase in systemic blood pressure 
without any demonstrable change in pulse rate or 
the electrocardiographic tracing. This effect could 
be abolished by sectioning the vagus in the cervical 
region. However stimulation of the proximal stump 
of the severed vagus would again produce the same 
result. On the other hand, stimulation of the distal 
stump of the severed cervical vagus would produce 
a marked decrease in pulse rate and a fall in blood 
pressure. Therefore it was felt that the afferent 
limb of this reflex are was a sensory fiber that 
courses up the vagus to the vasomotor center. 

The efferent limb of this are should be in the 
sympathetic autonomic nervous system and does 
not travel down the vagus. One may conclude this 
because sectioning of the vagus in the cervical 
region does not alter the constant rise in blood 
pressure seen upon stimulation of the proximal 
stump of the severed vagus. Furthermore the 
administration of the drug, Dibenamine, will abolish 
the blood pressure and pulse responses to traction 
or electrical stimulation of the thoracic vagus. 
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Atropine has no effect. However atropine will com- 
pletely inhibit the drop in blood pressure and pulse 
rate seen following stimulation of the distal stump 
of the severed cervical vagus. 

Variations in method of anesthesia did not alter 
these findings. None of these effects seemed serious 
and all ceased as soon as the stimuli were stopped. 
Procaine infiltration just proximal to the site of 
stimulus would abolish the effects of electrical 
stimulation, but not those due to traction. Since 
the vagus is an inelastic nerve, the traction would 
be transmitted as high as the cranial foramen and 
local block would be ineffectual. 

On the basis of these findings, gentle handling of 
the vagus nerves in intrathoracic operations is 
recommended. 


FROBESE 


Dodrill, F. D., Hill, E., and Gerisch, R.: Some 
Physiologic Aspects of the Artificial Heart Prob- 
lem. J. Thor. Surg. 24: 134 (Aug.), 1952. 

The authors described an artificial heart, using a 
Dale-Schuster pump, which was studied in 65 
experiments on dogs. It was used as a right-sided 
substitution, as a left-sided substitution, and for 
complete extracorporeal circulation with mechanical 
oxygenation. In each instance blood was rendered 
incoagulable by the use of heparin. Since a right 
sided substitution was generally associated with a 
drop in blood pressure, due to the marked atrio- 
pressor reflexes arising in the right side of the 
heart, transfusions and vasoconstrictor drugs were 
frequently necessary when this procedure was car- 
ried out. Left-sided substitution was not associated 
with such a response. 

ABRAMSON 


Helmsworth, J. A., Clark, L. C., Jr., Kaplan, S., 
Sherman, R. T., and Largen, T.: Artificial 
Oxygenation and Circulation During Complete 
By-pass of the Heart. J. Thoracic Surg. 24: 117 
(Aug.), 1952. 

The authors described a simple, all glass dis- 
persion-oxygenator and presented some of the 
problems arising in the use of such an apparatus. 
The procedure was studied in a series of dogs. It 
was found that with the use of appropriate doses of 
heparin and with better crossmatching technic, the 
mortality rate was less. Thrombosis of the superior 
vena cava, which occurred on occasion, was con- 
sidered to be due to intimal trauma of this vessel, 
associated with the insertion of the cannulas. 

Total by-pass for not less than 30 minutes was 
successfully accomplished in 52 of 57 dogs. 
ABRAMSON 


Goldman, A., Shaw, C., Corday, E., Fields, J., 
Kennamer, S. R., Smith, A., Lindgren, I., and 
Prinzmetal, M.: Experimental Methods for De- 
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tection of Changes of Blood Supply to the Heat, 

J. Thoracic Surg. 24: 105 (Aug.), 1952. 

The authors attempted to set up tests for te 
evaluation of the additional collateral corona y 
blood flow induced by experimental surgical p 
cedures in dogs. They found that the results 
intravenously injected fluorescein, photographed 
means of slow motion pictures, could be used 
detect changes in blood supply in the dog’s beati 
heart. A visual study of myocardial contractility w 
also considered of value, since absence of this fur:- 
tion, as determined by slow motion pictures, w 
associated with ischemia of the occluded mus: |! 
mass. Finally, through a study of experiment 
myocardial infarcts, it was concluded that changes 
in electrograms, obtained directly from the hear 
surface, gave information regarding the extent a: 
degree of myocardial ischemia. 
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ABRAMSON 
ROENTGENOLOGY 
Picaza, J. A.: Cerebral Angiography in Children: 

An Anatomoclinical Evaluation. J. Neurosurg. 9: 

235 (May), 1952. 

Angiography of the cerebral vessels was performed 
66 times in 50 children whose ages varied from 9 
days to 15 years. Most of these were accomplished 
by direct exposure and injection of the common 
carotid artery, but in seven older children the 
percutaneous route of injection was employed. 
Various contrast media were used. Local anesthesia 
was used in children under 2 years of age. 

Complications were few and were transient. There 
were three cases in which convulsions occurred, but 
all three had had convulsive episodes prior to 
angiography. Horner’s syndrome appeared after 
open exposure of the carotid in three patients; all 
cleared within a period of eight weeks. A pneumo- 
mediastinum resulted twice and was discovered by 
roentgenography of the chest. 

Alterations of the vascular pattern were noted in 
23 cases. The procedure was helpful in the diagnosis 
of brain tumors, for pathologic angiograms were 
noted in 8 of the 12 cases of brain tumor seen. It 
was useful in discovering obscure hydrocephalus in 
three patients. In eight cases cerebral malforma- 
tions such as hydroencephalodysplasia were estab- 
lished. Angiography was diagnostic in three of the 
five children encountered with cerebral vasculai 
malformations. 

Although the technic was difficult to perform i 
infants, it appeared to be safe. It may be the only 
way of making an early diagnosis in children witl 
convulsions and evidence of a focal brain lesion. 
FROBESE 


Abbott, K. H., Gay, J. R., and Goodall, R. J.: 
Clinical Complications of Cerebral Angiography. 
J. Neurosurg. 9: 258 (May), 1952. 
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In reviewing the experience with 174 cerebral 
aigiograms, it was noted that complications 
s-condary to the procedure occurred in 17 cases. 
Five of these complications were fatal. 

Three of the fatalities suffered loss of conscious- 
ness, and sudden respiratory failure. The other two 
resulted from subarachnoid hemorrhage secondary 
t» ruptured cerebral aneurysms. 

In four patients a hemiplegia was precipitated or 

} an existing hemiplegia was accentuated by angiog- 

| raphy, and the damage was permanent. Transitory 
lemiplegia occurred in seven cases. The remaining 
patient had a transitory decerebrate state. 

Many etiologic factors have been implicated. 
Among these are: (1) mechanical distention of the 
cerebral vessels by the rapidly injected contrast 
medium; (2) reflex vasospasm of cerebral vessels; 
(3) direct chemical irritation of the vessels; (4) dis- 
turbance of the blood-brain barrier by edema; 
(5) air or blood clot embolism; and (6) drug sensi- 
tivity. 

Mechanical distention of the vessels may be of 
importance in the rupture of aneurysms, but 
chemical irritation of the vessel wall followed by 
vasospasm has received the most attention. In view 
of this the therapy of the complications occurring 
during cerebral angiography has consisted chiefly 
of attempts at vasodilatation with stellate ganglion 
procaine blocks, and the use of systemic ganglionic 
blocking agents. 

Complications can be avoided by using smaller 
amounts of contrast media which is possible with 
the new rapid film changing devices. 

FROBESE 


Jonsson, G., and Saltzman, G. E.: Infundibulum of 
Patent Ductus Arteriosus—A Diagnostic Sign in 
Conventional Roentgenograms. Acta Radiol. 38: 
8 (July), 1952. 

These authors cite some of the difficulties en- 
countered in making a diagnosis of patent ductus 
arteriosus: for example, a continuous machinery 
murmur is present only in one third of proven 
cases; cardiac enlargement and dilatation of the 
pulmonary artery is not diagnostic; a hilar dance 
not specific; calcification within the ductus was 
present only twice in 39 of the cases in this series. 
Cardiac catheterization, angiocardiography and 
thoracic aortography are usually diagnostic, but are 
not always practical in many instances. 

The authors describe a specific deformity of the 
outline of the aorta below the arch (aortic knob) 
present in 21 of the 39 cases in young adults, in 
«onventional posteroanterior roentgenograms. A fill- 
ng of the concavity between the aortic knob and 
‘he descending aorta, or an actual though slight 
onvexity in this region was considered to be highly 
suggestive, especially if the point where the aortic 
|nob passes over into the descending aorta seemed 


to be displaced downwards. This characteristic 
aortic irregularity due to the infundibulum in 
patent ductus arteriosus was not observed in a 
series of normal subjects, and was found less often 
in children and in infants than in young adults. In 
older age groups the value of this roentgenographic 
sign is greatly diminished because of elongation and 
tortuosity of the aortic arch and the thoracic aorta. 
ScHWEDEL 


Snow, P. D.: Tricuspid Atresia: A New Radioscopic 
Sign. Brit. Heart J. 14: 387 (July), 1952. 
Contraction of the anterior border of the cardiac 

silhouette as seen in left anterior oblique position 

preceding contraction of the posterior border was 
observed in two established and one doubtful case 
of tricuspid atresia. This phenomenon is regarded 
as diagnostic of tricuspid atresia. 

SOLOFF 


Kinmonth, J. B.: Lymphangiography in Man. A 
Method of Outlining Lymphatic Trunks at 
Operation. Clin. Sc. 2: 13, 1952. 

The author used two dyes, Patent Blue V and 
Evans Blue (T 1824) to outline lymphatic trunks in 
human subjects. The material was injected sub- 
cutaneously or intramuscularly into the sole of the 
foot. 

The dyes were first tried on a group of patients 
suffering from a postphlebitic syndrome, since an 
opportunity was afforded to inspect the lymphatic 
trunks at the time when the popliteal or femoral 
vein was explored for phlebography or ligation. 
Patent Blue V was found to have outlined the 
lymphatics in each case. On the other hand, on the 
basis of the results, Evans Blue was considered 
unsuitable for deep lymphangiography. The rapidity 
with which the Patent Blue V flowed up the narrow 
lymphatic tubes was explained on the basis that in 
most instances the channels were empty when the 
limb was at rest. 

ABRAMSON 


Bellman, S., and Engstrom, A.: Microangiography. 
Acta Radiol. 38: 98 (Aug.), 1952. 
Microangiography is the study of minute blood 

vessels and capillaries injected with a contrast 

medium then exposed to roentgen rays. The re- 
sultant image is enlarged; stereoscopic views also 
may be taken. The author demonstrates glomerular 
capillaries, the vasa recta, blood vessels within bone. 

The apparatus used, and technical aspects of the 

procedure are described. 


SCHWEDEL 


SURGERY IN HEART AND VASCULAR 
SYSTEM 


Litwak, R. S., Gadboys, H. L., Scott, G. B., and 
Ferrara, J. F.: Surgical Approach for Stenotic 








































































































































































































































































Lesions of the Semilunar Valves by Excision and 
Cusp Replacement under Direct Vision. J. 
Thoracie Surg. 24: 165 (Aug.), 1952. 

The authors presented an experimental approach 
to the surgical treatment of pulmonary and aortic 
valvular stenosis. Their aim was to perform surgical 
excision of a portion of the valve, combined with 
adequate means of control of regurgitation. 

The results with the substitution of homograft 
pulmonary and aortic cusps in dogs were found to 
be disappointing, since ultimately there was fibrosis 
with shrinkage of the cusp. The use of the combined 
autograft and homograft cusp prostheses was much 
more successful. All the specimens appeared slightly 
thicker than they were at the time of insertion, but 
still they seemed to meet the requirements for 
functional cusps. 

ABRAMSON 


Parsons, H. G., Gerbode, F., and Cox, A. J.: 
Studies in Aortic Autografts and Homografts. 
Do Homografts Survive? Angiology 3: 306 (Aug.), 
1952. 

The function and morphologic changes were 
studied in 35 homogenous and autogenous vascular 
grafts placed in defects in various portions of the 
great vessels in mongrel dogs. Six aortic homografts 
replacing defects in the abdominal aorta remained 
patent whereas 15 similar grafts used to replace a 
defect between the superior vena cava and the 
auricle became occluded in less than one month. 

Only 1 of 11 homografts examined two weeks 
or more after implantation showed evidence of sur- 
vival as determined by persistence of smooth muscle 
cells in the media. Aortic homografts were con- 
verted by the host into endothelial-lined tubes 
which conducted blood very well. The intima 
became markedly thickened, the smooth muscle 
cells of the media disappeared and the elastic fibers 
became lumped, fragmented and irregularly stained. 
Large areas of calcification were present frequently 
in the hyalinized media and the adventitia was 
fibrosed. Aortic autografts did not show these 
degenerative changes even when they were wrapped 
with silver foil at the time of replantation. 

WESSLER 


Kirklin, J. W.: Surgical Treatment of Mitral 
Stenosis. Proc. Staff Meet., Mayo Clin. 27: 357 
(Aug.), 1952. 

Once a patient with mitral stenosis begins to have 
significant dyspnea on exertion, paroxysmal noc- 
turnal dyspnea, orthopnea, cough, hemoptysis or 
symptoms of failure of the right side of the heart, 
it is probably advisable to recommend surgical pro- 
cedures for this patient. The presence of subacute 
bacterial endocarditis is a contraindication to 
operation. Probably the presence of active rheu- 
matic fever is also a contraindication at that time 
as is probably the presence of associated serious 


956 ABSTRACTS 





valvular lesions, such as aortic stenosis or ins, { 
ciency. Other than these, however, there are |. 
rigid contraindications. Certain clinical featu: es 
such as marked cardiac enlargement, chronic he it 
failure and a history of arterial emboli, make op: :a- 
tion somewhat more hazardous and somewhat 
certain of effecting a good result. 

SIMO 


Janes, J. M., and Elkins, E. C.: The Effect «/ a 
Surgically Induced Arteriovenous Fistula on Bone 
Growth: Report of Case. Proc. Staff Met 
Mayo Clin. 27: 335 (Aug.), 1952. 

It has been reported that increase in the len:th 
of hind extremities of puppies has followed the 
creation of an arteriovenous fistula in the exte) val 
iliac vessels. The authors hesitated for a time to 
use this procedure on human beings for the folliw- 
ing reasons: (1) The increase in length of the legs of 
puppies was not great; (2) in one case, the left hind 
extremity was actually shorter than the right after 
a fistula had been in operation between the left 
external iliac vessels for several months; (3) they 
were not sure what the effect would be on the 
heart. It was not until Dee. 5, 1950, that they 
created the first arteriovenous fistula in a child 
with a short lower extremity due to old anterior 
poliomyelitis. 

Pre-operatively, the measurements of the lower 
extremities by scanograms were as follows: right leg, 
48.7 em.; left leg, 45.1 em. The difference was 3.6 
em. An arteriovenous fistula was created between 
the left femoral artery and vein in the midthigh. 
Ten months later, the measurements were as follows: 
right leg, 52.2 em.; left leg, 49.2 em. The difference 
was 3.0 cm. The disparity in the length of the two 
legs had been reduced by 0.6 em. This operative 
procedure has been performed in five other cases at 
the Clinic. In none of these cases has there been 
any serious cardiac embarrassment to date, and all 
of the children are leading normal lives. Among the 
problems which confront the authors are: (1) How 
much increase in growth can be expected? (2) Will 
there be an actual stunting of growth in some 
cases? (3) When should the fistula be created? 
(4) How long should the fistula be left in operation? 

Simon 


Landen, H. C., and Bayer, O.: Pulmonary Function 
in Mitral Stenosis before and Following Mitral 
Surgery. Ztschr. Kreislaufforsch. 41: 561 (Aug), 
1952. 

In nine cases of mitral stenosis spirometric aid 
ergometric studies were performed before and fv! 
lowing surgery (finger-fracture). Data indicati 
insufficient pulmonary function (decrease of veni! 
lation and of arterialization) before, were no long 
present in six cases following successful surger 
This was found in tests made at rest as well’as aft 
moderate exercise. The authors feel that impa 
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nent of pulmonary function in mitral stenosis, 
iscribed generally to secondary organic structural 
-hanges in the lungs, may be reversible to a greater 
xtent than one would anticipate. 

Pick 


Robson, J. T.: A New Operation for the Relief of 
Pain in Angina Pectoris. J. Neurosurg. 9: 197 
(March), 1952. 

Neurosurgical attempts at relief of pain in angina 
ectoris have consisted of a section of the posterior 
spinal roots of the upper thoracic region, or of 
sympathetic ganglionectomy of the upper three to 
ive sympathetic ganglia and their intervening 
runks. These operations are based on the concept 
that pain fibers from the heart take origin from 
ells in the posterior root ganglia of the first five 
thoracic spinal nerves. While both of these opera- 
tions have proved effective in the relief of anginal 
pain each has had undesirable side effects. 

Posterior root section results in complete sensory 
denervation of the upper five thoracic dermatomes 
and a band of anesthesia across the chest and 
along the medial surface of the arm results. 

Sympathectomy brings on a cessation of sweating 
and a vasodilatation of the upper thorax, upper 
extremity, head, and neck, and a Horner’s syn- 
drome. The ocular changes may precipitate glau- 
coma or aggravate an existing chronic glaucoma. 

A modified operation is reported which consists 
of resection of the second, third, fourth and fifth 
thoracic sympathetic ganglia and an extraspinal 
division of the first thoracic posterior root. In this 
manner sensory denervation of the heart is pro- 
vided without cutaneous anesthesia of an appre- 
ciable area or without a Horner’s syndrome result- 
ing. 

The operative technic is described, and an illus- 
trative case, that has been observed for three and 
one-half years following operation, is briefly re- 
viewed. 

FROBESE 


Inglis, J. McN.: Management of Hypotension 
During Anaesthesia. Lancet 2: 362 (Aug. 23), 
1952. 

The author distinguishes three pathogenetic and 
therapeutic types of hypotension during anesthesia: 
(1) Hypotension with a raised pulse rate is the result 
of reduction in cardiac output, largely because of 
reduction of venous return, occasionally from de- 
pression of the heart by the anesthetic agent. The 
julse rises before blood pressure falls. Vasoconstric- 
tion can be demonstrated by digital plethysmog- 
‘aphy. Treatment consists of increasing venous 
‘eturn by positioning of the patient or blood trans- 
usion. Stimulants such as adrenaline and niketham- 
de are recommended if cardiac depression is sus- 
ected as the mechanism. (2) Hypotension with an 
inchanged pulse rate is the result of reduction of 


vasoconstrictor tone by reflex mechanisms. Vaso- 
pressor agents are indicated. (3) Hypotension with 
slowed pulse rate results from over-stimulation of 
the vagus nerve as in traction on the lung hilum at 
pneumonectomy. Atropine is indicated. 

Instructive examples of the three types are 
presented. 

McKvsick 


Schottenfeld, L. E.: Cardiac Arrest during Surgical 
Procedures. Review of the; Literature with a 
Report of Six Cases. Am. J. Surg. 84: 141 (Aug.), 
1952. 

The author reports six cases of cardiac arrest 
occurring during surgery and then discusses the 
therapeutic approach and prognosis in this condi- 
tion. Only one of the patients lived despite inten- 
sive efforts in each instance to resuscitate the heart. 
It is believed that the primary cause of failure was 
a delay in making the diagnosis of cardiac arrest. 

On the basis of an examination of the literature, 
the conclusion was reached that the immediate 
institution of cardiac massage is the cardinal point 
in therapy. To be effective in saving the life of the 
patient, this must be begun within three and one- 
half minutes after cessation of cardiac action. 
Interruption of the circulation to the brain up to 
8 minutes and 45 seconds produces permanent 
changes in psychic behavior, while a longer period 
is incompatible with life. 

Another important step is the institution of 
artificial pulmonary ventilation. Countershock 
should also be performed, but if this is unsuccessful, 
intravenous procaine should be used to produce a 
coarse type of fibrillation. This latter state can 
more readily be restored to a coordinated beat with 
an electric shock. 

The best management of cardiac arrest is its 
prevention through the avoidance of the onset of 
the inhibitory action of the vagus. In this regard, 
anoxia of tissue should be minimized, and _pro- 
cedures which cause vagal stimulation should be 
done only after adequate local blocking of the 
pathways concerned and following the use of a 
sufficient amount of atropine. 

ABRAMSON 


Ellison, R. G., Major, R. C., Pickering, R. W., and 
Hamilton, W. F.: Technique of Producing Mitral 
Stenosis of Controlled Degree. J. Thoracic Surg. 
24: 154 (Aug.), 1952. 

A method is described of producing experimental 
mitral stenosis in dogs. After the chest and _ peri- 
cardial sac are opened, a number 20 gage needle, 
into the end of which a steel wire has been pre- 
viously anchored and threaded into nylon tubing, 
is inserted through the walls of the right atrium. 
In its course it passes just to the right of the inter- 
atrial groove and just above the A-V groove and 
emerges anteriorly at a similar position. The suture 
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now occupies a position at the base of the mitral 
valve. The ends are then passed through a cannula, 
whose large, flat head is affixed to the chest wall 
subcutaneously and whose cardiac end prevents 
displacement of the heart as the ligature is tightened 
at a later date. 

After the animals have fully recovered from the 
operative procedure, they are again anesthetized, 
an incision is made over the head of the cannula, 
and the exposed wire suture is tightened, in order 
to produce the stenosis. According to the authors, 
this technic has satisfactorily produced the picture 
of chronic mitral stenosis simulating the clinical 
picture of this disease in man. 

ABRAMSON 


THROMBOEMBOLIC PHENOMENA 


Schnitker, M. T., and Lehnert, H. B.: Apoplexy in 
a Pituitary Chromophobe Adenoma Producing 
the Syndrome of Middle Cerebral Artery Throm- 
bosis. J. Neurosurg. 9: 210 (March), 1952. 
Hemorrhage in degenerated adenomas of the 

pituitary body are rarely encountered. The clinical 
manifestations are usually coma, diplopia, opthal- 
moplegia and a bloody cerebrospinal fluid. The 
diagnosis is difficult, and the outlook is grave even 
if proper therapy is instituted. 

A 65 year old man with a known chromophobe 
adenoma of the pituitary was observed with a sud- 
den onset of transient coma, a left hemiplegia, and 
a clear cerebrospinal fluid. It was felt that a throm- 
bosis of the right middle cerebral artery had oc- 
curred, and he was treated with right stellate gang- 
lion blocks. At first, there was clinical improvement, 
but he expired fifteen days after admission. 

Necropsy revealed an infarct of the right cerebral 
hemisphere secondary to compression of the right 
middle cerebral artery by an extensive hematoma 
in a degenerated chromophobe adenoma of the 
pituitary body. 

FROBESE 


VASCULAR DISEASE 


Stalker, L. K.: Management of Varicose Veins and 
Their Related Problems. Am. J. Surg. 84: 195 
(Aug.), 1952. 

The author discussed the relative merits of the 
three general plans of management of varicosities, 
namely, resection and injection, multiple or seg- 
mental ligation, with or without injection, and 
finally, stripping of the main channels of the incom- 
petent system. It was his impression that stripping, 
combined with division and ligation of the great 
saphenous vein at the saphenofemoral junction, was 
the best treatment thus far evolved, although this 
procedure, too, had certain disadvantages. 

ABRAMSON 


Slapak, L.: The Aneurysm of the Ventricular Sep- 
tum. Cardiologia 21: 120 (Fase. 2), 1952. 


ABSTRACTS 


Among 106 autopsy cases with ventricul 
aneurysms the septum was involved in 24 (22.5 p 
cent). In 21 cases this was associated with ane 
rysmal dilatation of one of the free walls of t}c 
ventricles (in five instances of the anterior wall, 
five of the apical region, and in three of the posteri 
wall). In all cases the thinned septum showed co 
siderable bulging into the right ventricular cavit 
The clinical features of these verified cases 
septal aneurysm are reviewed with respect to t! 
possibility of diagnosing the condition intra vitan:. 
Sixteen cases had some type of defect of intrave;.- 
tricular conduction in the electrocardiogram. The 
clinical recognition of the condition is very difficul!. 
If all other possibilities (like chronic pulmonaiy 
disease or tricuspid stenosis) can be excluded, rapid 
development and progressive signs of right hear’ 
failure (venous congestion and liver enlargement in 
the absence of pulmonary congestion) following 
myocardial infarction might suggest the diagnosis 
of an aneurysm of the ventricular septum. 


Pick 


Rukstinat, G. J.: Multiple Aneurysms of the Right 
Coronary Artery. J.A.M.A. 149: 1129 (July 19), 
1952. 

The clinical history and postmortem findings are 
reported in a case of multiple coronary aneurysms. 
The patient died of rupture with dissection of an 
arteriosclerotic aortic abdominal aneurysm. This is 
the second case in which an aneurysm elsewhere in 
the body ruptured and caused death in a patient who 
also had an aneurysm of a cardiac coronary artery. 
The author reviews the literature on aneurysms of 
the cardiac coronary arteries and pertinent articles 
are cited. 

KITCHELL 


DeWind, Loren T., Michaels, George D., and Kin- 
sell, Laurance W.: Lipid Studies in Patients with 
Advanced Diabetic Atherosclerosis. Ann. Int. 
Med. 37: 344 (Aug.), 1952. 

In a group of 24 diabetic patients with advanced 
atherosclerosis, several of them having lost extremi 
ties as the result of atherosclerotic involvement, 
serum total cholesterol, lipoprotein, cholesterol ester, 
and phospholipid values varied over a wide range. No 
obvious correlation between any of the lipid frac- 
tions and the atherosclerotic process was found, 
although the mean serum cholesterol values were 
significantly higher than in a group of nondiabetic 
elderly controls. Linear mathematic correlation was 
noted between the lipoprotein and total cholesterol, 
lipoprotein and cholesterol esters, and cholesterol 
esters and serum phospholipids. Under the condi- 
tions of the study, no significant changes in blood 
lipids were observed in patients receiving relatively 
large amounts of inositol or choline. No significant 
change in the diabetic state was observed in response 
to the same agents. Depression of serum cholesterol 
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e-ters, of serum phospholipids, and of serum lipo- 
protein was observed in several patients receiving 
t-stosterone propionate in a dose of 25 mg. daily. 
some changes in insulin requirement were also noted 
1 it these changes were not constant. 

WENDKOS 


Wakerlin, G. E.: Recent Advances in the Patho- 
genesis and Treatment of Atherosclerosis. Ann. 
Int. Med. 37: 313 (Aug.), 1952. 

Overnutrition and obesity are generally asso- 
cated with increased atherosclerosis, whereas under- 
putrition and wasting disease are associated with 
ceereased atherosclerosis. That the cholesterol con- 
tent may be more important than the fat content is 
suggested by the fact that Eskimos, who have a 
high animal fat diet but low to moderate cholesterol 
intake show a low incidence of atherosclerosis. That 
cholesterol and lipid metabolism is related to athero- 
genesis is suggested by the fact that certain clinical 
conditions frequently showing hypercholesterolemia 
and hyperlipemia are characterized by a relatively 
high incidence and severity of atherosclerosis. The 
cholesterol/phospholipid ratio is increased in most 
cases with atherosclerosis, with a resulting de- 
creased solubilizing effect on cholesterol. There is 
also inconclusive evidence that the proportion of 
cholesterol in the form of cholesterol esters is in- 
creased in clinical atherosclerosis. It has been re- 
ported that the plasma of human atherosclerosis 
shows an increased concentration of certain lipo- 
protein macromolecules of comparatively low den- 
sity. However, the causal relationship of these com- 
paratively large, low density lipoprotein molecules 
to atherosclerosis remains to be demonstrated. The 
role of the endocrines is inferred from the fact that 
diabetes mellitus, hypothyroidism, Cushing’s syn- 
drome, and prolonged cortisone therapy are asso- 
ciated with hypercholesterolemia and atherosclerosis. 
The explanation of the 4:1 ratio of the incidence of 
coronary atherosclerosis in males, as compared with 
females, may be related to the finding that the 
intima of the coronary arteries is considerably 
thicker in the male and that this difference is present 
from birth. Regarding the role of hypertension, it 
has been found that 40 per cent of atherosclerotics 
are hypertensive and 60 per cent of hypertensives 
are atherosclerotic. Experiments involving the 
filtration of serum through excised arteries, as well 
is intravascular injections of colloidal cholesterol 
solutions, suggest that cholesterol and lipids are 
liltered through the intimal mucosa rather than 
brought to the intima and media by the vasa va- 
sorum. It is believed by some that the basic lesion 
f atherosclerosis is a localized fibrocalcific change 
in the media, with subsequent cholesterol and lipid 
iccumulation in the overlying thickened intima. 
xperimental atherosclerosis induced by cholesterol 
feeding has been found to resemble human athero- 
sclerosis in many respects. Hypertension, cortisone, 





desoxycorticosterone acetate and adrenocortico- 
tropic hormone have each been shown to increase 
the severity of experimental cholesterol atherosclero- 
sis. Local injury predisposes the injured area to sub- 
sequent experimental cholesterol atheroma develop- 
ment. In experimental atherosclerosis the findings 
point strongly to altered cholesterol and _ lipid 
metabolism as an important basic factor in the 
pathogenesis of clinical atherosclerosis. Although 
much remains to be learned about the prevention 
and treatment of experimental cholesterol athero- 
sclerosis, the highly important finding that the 
atheromatous. plaque is reversible has already 
emerged from this work. There is every reason to 
believe that human atherosclerosis is likewise a 
reversible process. 
WENDKOS 


Parmley, L. F., Jr., and Jones, F. S.: Primary 
Pulmonary Arteriolosclerosis. Arch. Int. Med. 90: 
157 (Aug.), 1952. 

Twenty-eight cases of primary pulmonary arte- 
riolosclerosis collected from the literature are pre- 
sented, and three additional cases are reported. A 
review of the clinical and pathologic findings is 
presented. The disease is manifested in its early 
phase by respiratory symptoms and terminally by 
the signs and symptoms of right-heart failure. The 
outstanding pathologic lesion is a severe fibrous 
intimal thickening of the pulmonary arterioles, as 
well as hypertrophy and dilatation of the right 
ventricle. The diagnosis may be suspected during 
life by detailed clinical evaluation but is established 
with reasonable certainty only by microscopic 
examination of a lung biopsy specimen. The disease 
is discussed with special reference to similar lesions 
of the pulmonary arterioles occurring during the 
course of other diseases. The causation and patho- 
genesis are not known. The role of primary or es- 
sential pulmonary arterial hypertension with result- 
ant vascular hypoxia is discussed. 

BERNSTEIN 


Moses, C.: Dietary Cholesterol and Atherosclerosis. 

Am. J. M. Sc. 224: 212 (Aug.), 1952. 

From the accumulated data in the literature it 
seems apparent that cholesterol plays a major role 
in the pathogenesis of atherosclerosis. It has been 
demonstrated that the body can synthesize cho- 
lesterol within various tissues including the arteries 
in the absence of exogenous cholesterol. Moderate 
increases or decreases in dietary cholesterol failed to 
exert any significant effect upon serum cholesterol 
levels. However, practically complete elimination of 
all dietary cholesterol and other lipids including 
vegetable oils is necessary in order to achieve a re- 
duction of serum cholesterol values. There is great 
difficulty in providing adequate protein and calories 
in the absence of dietary fat and the impalatability 
of such diets renders them virtually useless. Observa- 
tions as to the effect of other dietary components 
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such as protein, phospholipid, or certain vitamins 
upon the physical state of circulating cholesterol are 
warranted. 
SHUMAN 
OTHER SUBJECTS 
Caccese, A.: The Effect of Artificial Pneumoperi- 
toneum on the Ballistocardiograph of Patients 
with Chronic Pulmonary Disease. Am. Rev. 

Tuberc. 66: 52 (July), 1952. 

At least three factors seem to be involved in the 
great respiratory variation in I-J amplitude of the 
ballistocardiogram in patients with chronic pul- 
monary disease. One, which might be called ‘“sen- 
sitivity of the right ventricle to priming,” occurs 
after myocardial injury even in those who have no 
pulmonary disease and whose only peripheral vascu- 
lar disorder would seem to be reflex disturbances 
following myocardial damage. Since, the change in 
I-J amplitude seems to be due to the increase and 
decrease in right ventricular stroke volume, the 
important factor is the change in venous return to 
the right auricle. The volume of blood pooled in the 
pulmonary veins influences left ventricular output, 
and this increases in expiration, while the right 
ventricular output and the ballistic waves decrease. 
In chronic diseases of the lung, high intrathoracic 
pressure during expiration and fall in intra-abdom- 
inal pressure as the diaphragm rises will greatly 
reduce the gradient between the abdominal venous 
pool and the right auricle and ventricle. On inspira- 
tion this is reversed more markedly than in normals, 
thus greatly increasing venous return. The third 
faetor, elevated and labile intrapulmonic vascular 
resistance, would be of importance in modifying 
right ventricular output, regardless of the volume 
of blood in the pulmonic venous bed, or pulmonary 
pool. The increase in respiratory variation in ampli- 
tude of the ballistocardiogram, noted in cases of 
chronic pulmonary disease can be corrected by 
pneumoperitoneum. The reduction of the respira- 
tory ballistocardiographic variation by pneumoperi- 
toneum is probably due, in part, to better ventila- 
tion, reduced anoxia, and fall in pulmonic arterial 
resistance; and to a reduction of abdominal pooling 
and an increased pooling in the preventricular 
intrathoracic venous reservoir. 

BERNSTEIN 


Hoffman, B. F., and Suckling, E. E.: Cellular Po. 
tentials of Intact Mammalian Hearts. Am. J. 
Physiol. 170: 357 (Aug.), 1952. 

The authors were able to record from single 
fibers in the intact dog and cat heart in situ. Unde) 
these conditions the average resting potential was 
80 to 85 mv., the action potential was 100 mv. There 
was a membrane reversal of 15 mv. In the ventricie 
the action potential has a plateau preceding re 
polarization but in the atrium it is triangular. 

OPPENHEIMER 


Green, J. P.: Action of Liver Extracts on Con- 
tractility of Isolated Mammalian Heart Muscle. 
Am. J. Physiol. 170: 330 (Aug.), 1952. 

Papillary muscles of cats were rendered hypo- 
dynamic by bathing in a low-calcium solution. 
Contractions of this preparation were increased by) 
a petroleum ether extract of the nonsaponifiable 
fraction of liver. The active material is water 
soluble, filterable, and dialyzable. Neither cholesterol 
nor carotene produce a similar effect. 

OPPENHEIMER 


Freilich, Joseph K.: Acute Nonspecific Pericarditis 
Complicated by the Development of a Fibrous 
Pericardium. Ann. Int. Med. 37: 388 (Aug.), 1952. 
A 52 year old male had been admitted to the 

hospital on four occasions between 1943 and 1949 

because of recurrent episodes of acute nonspecific 

pericarditis. During his fourth hospitalization, x- 

ray film of the chest and fluoroscopy of the heart 

indicated that the left heart border was fixed, ir- 
regular and immobile. Electrokymographic tracings 
confirmed the absence of normal pulsations along 
the left ventricular border. These findings were 

interpreted to be indicative of the presence of a 

constrictive pericarditis. The ordinary clinical 

picture of constrictive pericarditis, such as ascites 
and increased venous pressure, were not present. It 
is believed that this case represents an instance of 
constrictive pericarditis secondary to repeated 
episodes of acute nonspecific pericarditis. It is, 
therefore, concluded that acute nonspecific peri- 
carditis need not necessarily always be entirely 
benign. 

WENDKOS 








